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The 1984 Fur 
Seal Symposium: 
An Introduction 
JOHN P. CROXALL 
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Natural Environment Research Council 
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Cambridge CB3 OET 
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ROGER L. GENTRY 
National Marine Mammal Laboratory 
National Marine Fisheries Service, NOAA 
Seattle, WA 98115 
U.S.A. 
The 1984 International Symposium and Workshop on the Biology 
of Fur Seals originated in informal talks in 1981. However, the 
scope and focus of the symposium remained unclear until an infor-
mal workshop was held in San Diego in June 1983. This meeting 
synthesised data on the foraging and pup attendance activities of 
six species of fur seals, and attempted to formulate a coherent 
framework for the adaptations associated with their maternal 
strategies (Gentry et al. 1986). 
During the workshop it was clear that comparative data on many 
key aspects of fur seal biology and ecology were missing. This 
absence of data applied not only to less well known species, for 
some of which considerable unpublished data existed, but also to 
better known species for which research in some areas had either 
been neglected or unreported. The value of applying the comparative 
method to seals, especially comparisons integrating physiology, 
ecology, and reproductive biology, was amply demonstrated by the 
results of the 1983 workshop (Gentry and Kooyman 1986). How-
ever, we were also aware that many other problems outside the 
area of maternal strategies could benefit from comparative data, 
such as recovery of populations from the effects of harvesting. 
Therefore, to accommodate the range of potential research, we 
organized this symposium to produce an up-to-date synthesis of rele-
vant information for all species of fur seals. 
It was also clear that fur seal research could benefit from increased 
communication and collaboration among its practitioners. To foster 
the spread of ideas, we held oral presentations on some topics of 
current research and techniques and organized workshops on specific 
topics, in addition to providing opportunities for informal talks 
among participants. Thanks to generous support from the British 
Antarctic Survey, the National Marine Fisheries Service of the 
United States, and the Scientific Committee on Antarctic Research, 
the International Fur Seal Symposium was held at the British 
Antarctic Survey, Cambridge, England, 23-27 April 1984. The 36 
participants are shown in Figure 1. A list of Symposium participants 
and authors is presented in Appendix 1 of the Proceedings. 
OBJECTlVES ______________________ __ 
The specific objectives of the meeting were: 
1. Review the scope and results of present behavioral, ecological, 
and physiological research on each species. 
2. Review the present status, recent population trends, history of 
exploitation, and rate of recovery from exploitation for each 
species. 
3. Compare demographic, behavioral, and ecological traits that may 
be related to recovery for each species. 
4. Identify important needs and opportunities for fur seal research, 
stressing comparisons and collaborative efforts. 
The first day of the meeting was devoted to formal presentations 
designed to introduce participants to recent technical advances in 
studies of fur seal biology, including experimental and analytical 
work on fine tooth structure by J. L. Bengtson, diving studies by 
G. L. Kooyman, and radio isotope and related techniques for 
bioenergetic studies by D. P. Costa. Also, a variety of presenta-
tions introduced aspects of current fur seal research in existing field 
programs covering most species. 
The next four days were organized as a series of round-table 
workshops with specific sessions devoted to diving, bioenergetics, 
Figure l-Symposium attendees, left to right. Front row: G. I. H. Kerley, L. A. Fleischer, D. Torres. Second row: R. L. Gentry, R. L. DeLong, P. D. Shaughnessy, 
G. L. Shaughnessy, M. E. Goebel, A. E. York, A. Trites, P. Majluf, T. S. McCann, A. Ponce-de-Leon. Third row: B. Tollu, C. W. Fowler, D. P. Costa, M. N. Bester, 
G. L. Kooyman, I. Stirling, R. W. 08>15, D. W. Doidge, J. L. Bengtson, F. Trillrnich, R. Vaz-Ferreira. Back row: P. Jouventin, J.-P. Roux, J. P. Croxall, T. G. 
Smith, D. M. Lavigne, R. H. Mattlin, J. H. M. David, R. M. Laws, W. N. Bonner, and M. O. Pierson. 
diet, growth, onshore attendance, population dynamics, and be-
havior (including vocalizations). These sessions were especially 
stimulating and have had a major influence in shaping subsequent 
fur seal research. The British Antarctic Survey circulated at the 
workshop a bibliography of recent research on fur seals worldwide, 
and an updated version of that bibliography is presented in the Pro-
ceedings as Appendix 2. 
This volume includes reviews of species biology and ecology that 
were specially commissioned for the workshop, as well as con-
tributed papers dealing with various aspects of recent research on 
fur seals, and rapporteur's reports on five of the round-table work-
shops. All papers have been independently reviewed. 
An extensive introduction is inappropriate here, since this volume 
is intended to summarize knowledge of fur seal biology and ecology, 
and because Bonner (1981), FAO (1982), and Gentry and Kooyman 
(1986) provide an adequate general background of this group of 
seals. 
Fur seals are one of the two main groups of the Otariidae or eared 
seals, the other group comprised by five species of sea lions, one 
species in each of the genera Eumetopias, Neophoca, Otaria, Pho-
carctos, and Zalophus. Sea lions and fur seals diverged some two 
million years ago, and fur seals are believed to have evolved in 
the northern hemisphere where the earliest fossils are found, al-
though their principal radiation occurred in the southern hemisphere. 
The monotypic genus Callorhinus (northern fur seal) is restricted 
to the northern hemisphere where one other fur seal species (Arcto-
cephalus townsend!) occurs. Six species of fur seals, all in the genus 
2 
Arctocephalus, inhabit the southern hemisphere, and a seventh 
species is endemic to the Galapagos Islands on the Equator. The 
approximate breeding distribution of fur seals is shown in Figure 2. 
Although fur seals and true seals diverged from carnivore stock 
probably some 10 million years apart, the fact that they both \ead 
a largely aquatic existence, but need to come on to land to give 
birth, has resulted in great similarities between the two groups in 
anatomical and physiological adaptations. Streamlined bodies, with 
external projections reduced to a minimum, a well developed sub-
cutaneous fat (blubber) layer, and a suite of adaptations for making 
lengthy and often deep dives in pursuit of prey are particular 
characteristics. The main differences between them are that fur seals 
possess external earflaps and use their fore flippers for swimming, 
the hind flippers functioning only as rudders. In contrast, true seals 
use their hind flippers for propulsion and thus have their main 
musculature in the lumbar region and are relatively clumsy and slow 
moving on land. In contrast, fur seals' main musculature is the 
thoracic and cervical regions and they are quick and agile. One of 
the most obvious biological differences between the two groups is 
in the timing and manner of pup rearing. In true seals the lactation 
period is brief (1-6 weeks) and the mother usually fasts while she 
is ashore suckling the pup. In fur seals, lactation lasts 4-12 months 
(up to 36 months in some tropical species in some years), during 
which time the mother makes numerous feeding trips to sea, alter-
nating with shorter periods ashore to suckle the pup. 
Fur seals are a very homogeneous group, in appearance, social 
organization (all species are moderately to highly polygymous), and 
Northern fur seal 







Figure 2-Breeding distribution of fur seals. 
basic behavior. However, there is considerable underlying varia-
tion in the details of their biology and ecology, some of which has 
been presented by Gentry et a!. (1986; especially tables 15.1-15.3). 
Complementary data are summarized here in Table I, and more 
detailed information is provided in the species summaries in this 
volume. An important similarity among species of fur seals is that 
they all have been exploited by man, with several species reduced 
to the brink of extinction. The extent of past harvesting has focused 
Table I-Selected characteristics of fur seal species. 
Age (yr) 
Aduil weight (kg) at maturit/ Pup-rearing 
Population period (mo) 
Size Status I Male Female Male Female (max. in parens.) Food' 
Northern fur seal 1.200,000 120·270 30·50 7·10 4 4 1,2 
Callorhinus ursinus 
Antarctic fur seal 1.100.000 ++ 110·200 22·50 7·10 3 4 4,(1,2) 
Arclocephalus gaze/la 
Cape fur seal 1.200,000 + 200·360 40·110 4 8·12 (18) 1,(2,3) 
A. pusi/lus 
S. American fur seal 500.00 + 120·150 40·50 7+ 4 8·12 (24) 1,(2,3) 
A. australis 
Galapagos fur seal 30.000 +? 60·70 20·35 8·10 4 18·36 1,2 
A. galapagoensis 
New Zealand fur seal 50.000 +? 12()"155 40·50 "'10 5 10 2,1 
A. jorsleri 
Subantarctic fur seal 300.000 ++ 70·160 25-45 8+ 4·5 9·11 1,2,(3) 
A. Iropicalis 
Guadalupe fur seal 1.000 + "'160·170 "'40·50 <12 
A. townsendi 
Juan Fernandez fur seal 6.000 + (?140) ('40) 1.2.(3) 
A. philippi 
I 
- decreasing; + increasing; + + increasing rapidly. 
2For females. age of first pupping; for males. age of first harem tenure. 
3 1 fish; 2 squid; 3 crustaceans. except krill; 4 krill Euphausia superba. In order of importance; parentheses denote minor importance. 
3 
attention recently on fur seal population dynamics, to monitor the 
recovery of stocks in some species and to ensure sensible regula-
tion of continuing exploitation in others. Several contributed papers 
in this volume make important contributions to our knowledge in 
these fields. 
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HISTORY OF HARVESTING -------
The first known sealing trip to South Georgia was made by an 
American vessel between 1790 and 1792. The peak of the sealing 
era was circa 1800-01 when 112,000 skins were taken. Weddell 
(1825) calculated that by 1822 at least 1.2 million fur seals had 
been taken from South Georgia and that the population was vir-
tually extinct. 
The South Shetland Islands were discovered in 1819, and the first 
sealing trip was in 1820 by an Argentine vessel. The peak catch 
was in 1820-21 when approximately 250,000 skins were taken. The 
smaller stocks at the South Orkney and South Sandwich Islands were 
also exploited and depleted around this time . No records exist of 
visits to South Georgia between 1846 and 1870 when sealing was 
renewed on the partially recovered population there . Occasional 
sealing trips continued until 1907 when Daisy took 170 skins (Bon-
ner 1968). The species has not been commercially exploited since 
that time. 
Exploitation was indiscriminate , with males , lactating females , 
and juveniles being taken . Black coated pups apparently were not 
taken. 
POPULATION SIZE 
AND TRENDS ___________ _ 
Population estimates are based on pup counts and a knowledge of 
the age structure of the population. Pup counts were calibrated by 
marking all pups on selected beaches and by mark-recapture studies 
(payne 1978). Payne (1979a) calculated that total population size 
at the time of weaning was 4 . 1 times the number of pups born. 
The size of the South Georgia population in March 1976 was 
estimated to total 369,000 animals (Payne 1979a) . The population 
had been increasing at 16.8 % annually since the late 1950's (Payne 
1977). If this rate of increase has been maintained , which seems 
likely, then the present (1984) population numbers approximately 
1.2 million. Much smaller populations, numbering from a few 
hundreds to some thousands of animals, occur in the South Shetland, 
South Orkney, and South Sandwich Islands , Kerguelen, McDonald 
and Heard Islands, and Bouvetoya and Marion Island (Table I) . 
All populations appear to be increasing and are believed to have 
originated from South Georgia (Laws 1973). 
INFLUENCES _____________________ __ 
Space 
Historical evidence (Bonner 1968) suggests that, at the time of 
discovery, large areas of the South Georgia coastline were not oc-
cupied by fur seals and that space, therefore, was not a limiting 
factor. Recolonization of beaches is progressing rapidly at South 
Georgia, but there are still a number of areas yet to be colonized. 
Although available breeding space may not be limiting the South 
Georgia population as a whole (Doidge et al. 1984b), pup produc-
tion at high-density beaches has stabilized as a result of density-
dependent pup mortality (Doidge et al . 1984a) and the emigration 
of some animals to less dense beaches (Payne 1977; Croxall and 
Prince 1979; Doidge et al . 1984b). Doidge et al . (1984a) found 
that preweaning pup mortality was five times greater at high density 
(17-31 % of pup production) than at low density (3-6%). Starva-
tion was the main cause of death and mainly resulted from the failure 
Table l-Survey of Antarctic fur seal populations. 
Date of Population Pups 
Region estimate estimate present Reference 
Scotia Arc 
South Georgia Mar. 1976 369,000 Y Payne 1979a 
South Orkney Feb. 1971 2,035 Y Laws 1973 
South Sandwich 1960 400 N O'Gonnan 1961 
South Shetland 1957-58 42 Y O'Gorman 1961 
1981-82 825 Canan et aI. 1982 
Antarctic Peninsula 500 N Biomass 1984 
Subantarctic Islands 
Bouvet 1978-79 4,000 Y Haftorn et aI. 1981 
Marion 1981-82 160 Y Kerley 1983b 
Crozet 20 N louventin et aI. 1982 
Kerguelen lan. 1980 589 Y Bester 1981 
1978-81 1.200 Y louventin et al. 1982 
Prince Edward 1981-82 200 Y Kerley 1983b 
Heard lan. -Feb. 1965 500 Y Budd and Downes 1969 
4,000 Y Biomass 1984 
McDonald 300 Y Biomass 1984 
Macquarie <50 Biomass 1984 
of mother-pup bonding rather than from inadequate food availability 
for the mother, although in years of krill shortage, pup mortality 
does increase (Doidge et al. 1984a; McCann unpubl. data). Skull 
injury caused by bites inflicted by cows and liver rupture resulting 
from trampling by bulls were the other main causes of death. Pre-
weaning mortality was not different between the sexes. Pups born 
later in the season suffered disproportionately higher mortality. 
Food 
If space was not a limiting factor prior to exploitation, then pre-
sumably some aspect of food availability was (Doidge et al. 1984b). 
The principal food of A. gazella is krill, Euphausia superba (Bon-
ner 1968; Doidge and Croxall 1985). Laws (1977) suggested that 
the large reduction in stocks of krill-eating whales increased krill 
availability for other predators. This may have influenced the rate 
and extent of recovery of the fur seal population, and the popula-
tion may ultimately exceed its pre-exploited stock size before food 
becomes limiting. However, local short-term decreases in krill avail-
ability affect production in certain years. In 1978-79, there was an 
apparent shortage of krill at South Georgia which coincided with 
a twofold increase in preweaning pup mortality (Doidge et al. 1984a) 
and increased chick mortality in krill-eating seabirds (Croxall and 
Prince 1979). Similarly, pup mortality was high in 1983-84, con-
tinuing through the season, and adult females made longer trips 
to sea (McCann unpubl. data). 
Competitors 
Prior to exploitation, krill-eating baleen whales were probably a 
major competitor for food during the summer. To a certain extent 
all krill-eating species are competitors, but because of its large 
population size, similar foraging area, and depth of feeding, the 
macaroni penguin, Eudyptes chrysolophus, is the principal com-
petitor with fur seals for krill in South Georgia waters (Croxall et 
al. 1985). The winter distribution of female fur seals is unknown, 
although a migration north of the Antarctic Convergence, equivalent 
to the southward migration found in Callorhinus ursinus, has been 
postulated (payne 1979b)_ Males of all ages remain in the Scotia 
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Sea throughout the year. Fish becomes more important in the diet 
in winter (North et al. 1983; Brit. Antarct. Survey, Cambridge, 
unpubl. data), and it is possible that commercial harvesting of fish 
and potential harvesting of krill could directly affect fur seal popula-
tion levels (Doidge and Croxall 1985). 
Predation 
Leopard seals, Hydrurga leptonyx. are known to kill fur seal pups 
and juveniles (McCann pers. observ.). This probably has negligible 
effects on the total fur seal population since leopard seals are not 
abundant at South Georgia, and other more typical prey, such as 
penguins and krill, are freely available. Similarly, killer whales, 
Orcin us orca. are potential predators but are rare around South 
Georgia. Overall it appears that predation is an insignificant factor 
in regulating population size. 
Survivorship 
Payne (1977) used the age structure of breeding females and pup 
mortality data to estimate age-specific survivorship. First-year 
mortality was 23.9%, and second-year mortality about 5%. Annual 
mortality of breeding females was 7.9%. Male survival was assumed 
to be the same as for females up to age 7, at which age the males 
begin to gain territorial status and mortality was assumed to increase 
to 30% (Payne 1977). 
REPRODUCTIVE PARAMETERS _____ _ 
In a sample of 195 adult females collected in 1971-72, the age of 
first pupping was 3 years, when 57% of the females were 
primiparous (payne 1977). Twenty-eight percent of females first 
pupped at age 4 years and 14% at age 5 years. All females had 
pupped by age 6 years. 
Payne (1977) estimated age-specific pregnancy rates to be 0.55 
at age 3, 0.75 at age 4,0.85 at age 5, and 0.90 thereafter. He found 
no evidence of a decline in pregnancy rates in older animals. 
Males are sexually mature at age 3 or 4 but are not recorded to 
hold territories until age 7 years (Brit. Antarct. Survey, Cambridge, 
unpubl. data). The oldest territorial bull shot by Payne (1979a) was 
11 years old, although animals of up to 14 years have been found 
dying ashore (Brit. Antarct. Survey, Cambridge, unpub\. data). This 
suggests that senility may occur in males. The mean age of males 
6 years and older that die ashore is 8.8 years (Doidge and Croxall 
1985). 
REPRODUCTIVE ECOWGY ______ _ 
At South Georgia, pupping extends from late November to late 
December, with the median pupping date in the range 4-8 December 
(Doidge et a!. 1984b). At Marion Island in 1981, the mean date 
of pupping for A. gazella was 6 December (SD 8.3 days; Kerley 
1983a). Births are highly synchronized, with 90% occurring within 
21 days (Payne 1977). 
Density of breeding females within groups varies between 
beaches. On the high-density sites where the seals occupy approx-
imately 50% of the total space, densities reach 1.5 females/m2 at 
peak occupancy. At recently colonized sites where an estimated 10% 
of the available area is occupied, overall female density is about 
0.2 females/m2. 
Gregariousness (nearest neighbor distance) also varies with 
population density. Even where space is freely available, females 
aggregate and lie within an estimated 30 cm of their nearest 
neighbor, but not in contact. When space is limited, females per-
mit contact usually in a head-to-tail manner avoiding a head-to-head 
orientation. However, they never exhibit the thigmotactic behavior 
seen in sea lions. Group size varies with population density, beach 
size, and topography. Groups can range in size from two females 
to several hundred in which groups are not distinguishable. 
Males which were observed to copulate did so with an average 
of \0 cows (McCann 1980) . The male:female ratio on crowded 
beaches at the peak of cow numbers is estimated at 1: 10. On less 
dense beaches some males establish territories in areas not occupied 
by females and thus fail to copulate . 
Adult females haul-out, give birth 2 days later, and then remain 
ashore for approximately 7 days with the pup during the perinatal 
attendance period. Lactation lasts 112 days (range 90-126) during 
which the female makes approximately 16 trips to sea (range 12-21). 
The mean date of weaning is I April (± 7 days) (Doidge et al. 1986). 
At Marion Island, where A. gazelLa is sympatric with the suban-
tarctic fur seal A. tropicalis, Kerley (l983a) reported a lactation 
period of 112 days and a median weaning date of 28 March for 
Antarctic fur seals . In seasons of average food abundance , forag-
ing trips to sea are approximately 4 days long and alternate with 
attendance periods ashore of about 2 days (Doidge et a!. 1986) . 
In years of krill shortage, time spent ashore decreases together with 
an increase in feeding trip duration . 
GROWTH ________________________ __ 
Payne (1979a) gives full details of weight-at-age for a large sam-
ple of males and females. Breeding females range in weight from 
22 to 50 kg and territorial bulls from 110 to 230 kg (Brit. Antarct. 
Survey, Cambridge, unpub!') . Doidge and Croxall (1985) calculated 
average weights for adults , juveniles , and weaners as 125 , 38, and 
17 kg for males and as 32 , 16 , and 14 kg for females , respectively. 
Payne (1979a) found birth weights of male pups to be 5.9 ± 0 .5 
kg (n = 9, range 4.9-6.6 kg) and female pup~ 5.4 ± 0.3 kg (n 
= 12 , range 4.8-5.9). Using two seasons of pup weight data from 
Payne (1979a) and an additional four seasons of pup weighings, 
Doidge et al. (1984b) found that male pup growth averaged 90 g/day 
and female pup growth 76 g/day. Although growth rates varied be-
tween seasons, no systematic decrease in growth rate or birth weight 
was found during a period (1972-81) when the South Georgia 
population size had probably quadrupled (Doidge et a!. 1984b). 
FOOD __________________________ ___ 
Diet has been summarized in Doidge and Croxall (1985). Females 
feed primarily on mature krill ranging in length from 35 to 65 mm. 
Fish are also taken in small numbers, but the frequency is unknown. 
Penguins are eaten but make up only about I % of the diet during 
the summer. North et aJ. (1983) examined the fish component of 
the diet of juvenile males in which the pelagic icefish, Chamso-
cephalus gunnari, predominated by weight (76%) and number 
(55 %). Other species consumed included the lantern fish, Gymno-
scopelus nicholsi, and the nototheniids Norothenia rossii, N. gibberi-
frons, N. larseni, and Pseudochaenichthys georgianus . These fish 
are epipelagic, associated with krill swarms, and presumably taken 
opportunistically by the seals . North et aJ. (1983) and Doidge and 
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Croxall (1985) stress the inadequate knowledge of fur seal diet. 
Bonner and Hunter (1982) noted that subadult males have been 
observed to kill but only infrequently eat macaroni penguins. 
CURRENT RESEARCH 
ON A. GAZELLA 
AT SOUTH GEORGIA ______________ __ 
Data associated with long-term monitoring and research studies of 
trophic relationships in the southern ocean will continue to be col-
lected at Bird Island, South Georgia. These include further study 
of the diet and energy requirements of all year classes ; maternal 
feeding attendance behavior, maternal condition, and the relation-
ship of these factors to pup growth and survival. 
A 5-year study of factors affecting male breeding success was 
started in the 1984-85 field season. A reservoir of known-age 
animals will continue to be built-up on selected beaches by tagging 
pups . However , because of the problems of emigration from natal 
beaches, tag-recapture methods are not thought to be useful in 
calculating population size or age-specific survivorship until more 
is known about juvenile movement patterns . The South Georgia 
population should be censused within the next 5- \0 years using aerial 
photography . 
Detailed analysis of male and female time-activity budget data 
nears completion at the British Antarctic Survey. Studies of repro-
ductive energetics and fine tooth structure are being carried out with 
collaborators from the United States. 
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ThITRODUCTION ____________________ _ 
The breeding islands and general oceanic distribution of the north-
ern fur seal, Callorhinus ursinus, are shown in Figure 1. A new 
rookery was discovered on Bogoslof Island, Alaska, in 1980 (Lloyd 
et al. 1981); at least 11 pups were born there in 1983 (Loughlin 
1985). 
The species is pelagic during most of the year. The pelagic 
distribution is generally segregated: females from the Pribilof Islands 
herd are found in the southern part of the range and males in the 
northern part of the range, with some overlap in the Gulf of Alaska. 
The pelagic distribution of seals of San Miguel Island origin has 
not been extensively studied . 
Adult males arrive on the breeding areas in mid-May and early 
June and establish territories . Males maintain territories until early 
August. Pregnant females arrive during mid-June to early August; 
they give birth within one-two days to a single pup and breed within 
the following week. The postpartum females then begin a series 
of feeding-nursing cycles of several days . Pups are weaned in 
October-November and begin their pelagic life; they mayor may 
not return to the breeding island after their first year. Females and 
males return to sea until the next breeding season. Peterson (1968) 
summarized population sizes of various components of the herd on 
the rookery during the breeding season (Fig. 2) . 
HISTORY OF HARVESTING ___________ _ 
The history of fur seal exploitation on the Pribilof Islands from the 
time of their discovery in 1786 to 1979 is summarized in Figure 
3 (Lander 1980). General accounts of management and related 
research during this period are found in Scheffer et al. (1984) and 
Roppel (1984). 
Lander (1980) summarizes the history of northern fur seal 
exploitation: 
Early exploitation was unregulated and excessive until 1799 
when the Russian-American Company was put in control 
of the fur seal harvest. Despite various temporary bans 
on commercial killing, the fur seal harvest declined, and 
in 1834 the Russian-American Company severely restricted 
the land harvest of males and banned the kill ing of females 
altogether . At this time the fur seal herd was at its lowest 
level during the Russian tenure on the PribilofIslands. The 
harvest restrictions and ban on taking females enabled the 
herd to recover and by 1867. when the United States pur-
chased Alaska, several thousand males were taken each 
year. General accounts of management and related research 
during this period are found in Scheffer et al. (1984) and 
Roppel (1984). 
An unregulated harvest by independent parties in the first 
2 years of American occupation took nearly 250,000 fur 
seals . The U.S. government then set aside the Pribilof 
Islands as a special reservation for the protection of fur 
seals and in 1870 began a series of leasing arrangements 
with private companies for the harvest rights which lasted 
until 1909. During this period the harvest on land was 
closely regulated through the leasing agreements but an 
uncontrolled pelagic harvest of fur seals (mostly females) 
by commercial sealers began shortly after the U.S. pur-
chase of Alaska. From about 1868 until 1911 over 600,000 
fur seal skins were taken pelagically and many more 
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Figure l-General oceanic distribution and breeding islands of tbe northern fur seal (after Lander and Kajimura 1982). 
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Figure 3-History of northern fur seal exploitation, 1786-1979, Pribilof Islands, Alaska. Data are 5-year averages (from Lander 1980). 
animals were undoubtedly killed and not recovered. Most 
of the pelagic harvest consisted of females of reproduc-
tive age and the effect on the Pribilof Island fur seal herd 
was devastating. By 1909 the herd had dwindled to about 
300,000 animals. 
In 1911 the North Pacific Fur Seal Convention was 
negotiated between the United States, Great Britain (for 
Canada), Japan, and Russia. Commercial pelagic sealing 
was forbidden by this Convention. In addition, the U.S. 
Congress prohibited commercial sealing on land from 1912 
until 1917. The 1911 Convention remained in effect until 
11 
1941 when Japan abrogated the treaty. During this time 
the herd grew rapidly as did the harvests which concen-
trated on 3-year-old males. An interim agreement between 
the United States and Canada protected the herd until 1957 
when a new North Pacific Fur Seal Convention was 
negotiated by the United States, Canada, Japan, and the 
Soviet Union. 
The herd sustained an annual harvest of about 50,000-60,000 
subadult male fur seals from 1940 through the late 1950's. In 1956, 
a commercial harvest of females was begun. It was thought that 
a reduction of the herd would increase the maximum sustained yield 
by increasing pregnancy rates and survival of females (York and 
Hartley 1981). The commercial harvest of females ended in 1968; 
approximately 300,000 females were killed on both St. Paul and 
St. George Islands during this operation. York and Hartley (1981) 
have modeled the effect of the female harvest on the production 
of pups and the subsequent decl ine in the harvest of subadult males 
on St. Paul Island. 
In 1973, St. George Island was declared a research sanctuary 
and the harvest (except for a small subsistence take of 300-500 
animals) was suspended. During 1974-84, the harvest of subadult 
males on St. Paul declined slightly (about 2 % per year). However, 
the age composition of the harvest changed-numbers of 3-year-
old animals in the harvest have remained stable, numbers of2-year-
olds have increased at 10% per year, numbers of 4-year-olds have 
decreased at about 7% per year, and numbers of 5-year-olds have 
decreased at about 12 % per year. The average age of the harvested 
population has declined from 3.6 years in 1974 to 3.2 years in 1983. 
There has been no commercial harvest on St. Paul Island since 1984. 
POPULATION SIZE 
AND TRENDS ___________ _ 
Pups 
Figure 4 presents the available estimates of numbers of pups born 
on St. Paul and St. George Islands for 1912-85. York and Kozloff 
(1987) discuss the methods of detennining the numbers of pups born 
during that period. 
During 1912-24, live pups were counted directly. Dead pup counts 
were then made, and the total number of pups born was estimated 
as the sum of the live and dead pup counts. For 1925-40, projec-
tion estimates were made each year, based on an average growth 
rate of 8% determined from the data for 1912-24. During the early 
1940s, it became obvious that the projection method was not cor-
rect, and research on the size of the herd was planned. These plans 
were interrupted by World War II. York (in Kozloff 1982) was 
able to estimate the size of the 1940 year class on St. Paul Island 
from counts of dead and live pups on a sample rookery and counts 
of harem bulls on the whole island. Estimates of the size of the 
1950-60 year classes are from Chapman (1964). These estimates 
are based on counts of harem and idle males and on a life table 
for males which assumes constant natural mortality and escapement 
from the harvest. Estimates of the numbers of pups born after 1961 
are mark-recapture estimates. A number of pups are marked 
throughout the rookery. (For 1961 the marks were tags; from 1962 
to present, the mark was made by shearing a small patch of fur 
from the top of the pups' heads; this exposes the 8ilver colored 
underfur and makes a visible mark.) On at least two occasions 
following the shearing, workers traverse the rookery and count the 
number of marks among subgroups of 25 pups. The estimate of 
the number of pups alive at the time of the survey is the ordinary 
Petersen estimate based on the fraction of marked pups among all 
pups counted and the known number of sheared pups. Counts of 
dead pups are made and added to the estimate of live pups to pro-
duce an estimate of the total number of pups born. 
Censuses of pup numbers on St. George Island have not been 
made as frequently as on St. Paul. For the 1950's, pup numbers 
on St. George Island were approximated at 20% of the total pro-
duction on both islands or 25 % of the St. Paul production. In 1985, 
pup production on St. George Island was about 17 % of the pro-
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Figure 4-Estimates of numbers of northern fur<;eal pups born on St. Paul Island, 
1912-83 and 1970-86, and on St. George Island, 1912-83. 
duction on St. Paul Island. During 1975-81 the number of pups 
born on St. Paul Island declined at approximately 7.8% per year; 
since 1981 there has been no significant decline in the number born 
(Fig. 4). The situation is less clear on St. George Island because 
censuses are conducted there less often. However, current pup pro-
duction on St. George Island is about 65 % of production during 
1977-78. The number of pups born on San Miguel Island increased 
by approximately 34 % per year during the period 1967-69 (DeLong 
1982). The number of pups born on San Miguel Island was ap-
proximately 1.500 in 1981. 
Adult females 
No direct estimates of adult females are made on the Pribilof Islands, 
except in small study areas for behavioral studies. Instead, the 
number of adult females is estimated by dividing the number of 
pups born by the weighted average pregnancy rate of adult females; 
this is approx.imately 60% of females 3 years and older or 68% 
of females 4 years and older. Thus it is difficult to determine if 
the population of adult females is actually decreasing at the same 
rate as the number of pups born because the manner of estimating 
their numbers presumes that the average pregnancy rate has re-
mained constant since the end of the pelagic sampling program 
I Q58-74, the period during which data were collected for estimating 
these pregnancy rates. 
Direct counts of females are made on San Miguel Island. Due 
to the attendance patterns of females and lack of knowledge of the 
average pregnancy rate of all females on San Miguel Island (this 
is a rapidly growing herd with immigration from other populations 
contributing to the increase), the actual number of females in the 
San Miguel herd is not known. However, the maximum count of 
females increased at the rate of about 22 % per year during 1967-79 
and totaled about 1,100 animals in 1981. (The total number of 
females in the San Miguel Island population is much larger than 
1, 100 females , but exact numbers are not known.) 
Adult males 
Counts of harem males (adult males maintaining territories with 
females present) and counts of idle males (adult males maintaining 
territories with no females) have been made most years since 1911 
on the PribiJof Islands; these counts represent the longest time-series 
of counts for any component of the Pribilof Island population. The 
counts of harem males are more reliable than those of the idle bulls 
since the latter group is more difficult to define and definitions have 
not been verifiably consistent throughout the years . 
Figure 5 shows the counts of adult males on SI. Paul and SI. 
George Islands during 1911-83 . Total numbers of adult males on 
SI. Paul Island have decreased by about 2 % per year since 1977. 
On SI. George Island , the total number of adult males increased 
rapidly following termination of the harvest in 1972 until 1979. 
However, their numbers have declined somewhat since then . 
Survivorship 
At least three life tables for female fur seals have appeared in the 
literature (Kenyon et aI. 1954; York and Hartley 1981; Lander 
1981). The most recent life table for males appears in Lander (1981). 
Lander (1979a) produced estimates of juvenile survival for the 
1950-70 cohorts of males, and York (in Kozloff 1982) extended 
the results to the 1970-76 cohorts . Lander's life tables appear in 
Table 1, and estimates of juvenile survival (birth to age 2 years) 
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Table l-Summary of age-spedJlc and cumulative survival rates for northern 
fur seals (from Lander 1981). 
Males Females 
SI. George Island 
SI. Paul Island and Sea Lion Rock 
Age By age From age 0 By age From age 0 By age From age 0 
0 1.000 1.000 1.000 
0.500 0.500 0 .400 0.400 0.500 0.500 
2 0.760 0.380 0.750 0.300 0.800 0.400 
3 0.778 0 .296 0.800 0.240 0.840 0.336 
4 0.478 0 . 141 0.800 0. 192 0.920 0.309 
5 0.342 0 .048 0.750 0. 144 0 .940 0.290 
6 0.682 0.033 0.700 0. 101 0.940 0.273 
7 0.800 0.026 0.650 0.066 0 .945 0.258 
8 0.800 0 .021 0 .600 0 .040 0.950 0.245 
9 0.800 0 .017 0.550 0.022 0 .950 0 .233 
10 0.760 0.013 0.500 0.011 0 .938 0 .219 
11 0.730 0.009 0.450 0 .005 0 .924 0 .202 
12 0.700 0.006 0.400 0 .002 0 .906 0 . 183 
13 0.650 0.004 0 .320 0.001 0 .884 0 . 162 
14 0.590 0 .002 0.220 <0.001 0 .858 0.1 39 
15 0.540 0 .001 0.100 0.876 0. 122 
16 0.430 <0 .001 0.010 0.789 0 .096 
17 <0.010 0 .743 0 .071 
18 0 .692 0 .044 
19 0 .630 0.031 
20 0.564 0.017 
21 0.490 0.008 
22 0.411 0 .003 
23 0.330 0 .001 
24+ <0 .330 <0.001 
Table 2-Estimates of survival of juvenUe male and female northern fur seals, 
based on Lander (1975). Estimates ror 1950-70 cohorts appeared in Lander 
(1979a), and estimates for the 1972-76 coborts are from York (1982). 
Male Female 
Survival Survival Survival 
on land at sea Survival (0-2 yr) 
Cohort (0-4 mol (4 mo-2 yr) (0-2 yr) (1.1 X male surv .) 
50 0.88 0.41 0.36 0.40 
51 0 .84 0.42 0.35 0.39 
52 0 .91 0.46 0.42 0 .46 
53 0.82 0.38 0.31 0.34 
54 0.79 0.30 0.24 0.26 
55 0.84 0.33 0.28 0 .30 
56 0.78 0. 18 0. 14 0. 15 
57 0 .85 0.37 0.31 0.35 
58 0.92 0.49 0.45 0.50 
59 0.88 0.43 0.38 0.42 
60 0.81 0 .34 0.28 0.30 
61 0 .83 0.39 0.32 0.36 
62 0.84 0.43 0.36 0.40 
63 0.88 0 .47 0.41 0.45 
64 0.92 0.47 0.43 0.48 
65 0.85 0.41 0.35 0.38 
66 0.92 0.36 0.33 0.36 
67 0.95 0.42 0.40 0.44 
68 0.89 0.42 0 .37 0.41 
69 0 .94 0.38 0 .36 0 .39 
70 0.91 0.46 0.42 0.46 
72 0.92 0.33 0.30 0.33 
73 0.91 0.36 0.33 0 .36 
74 0.95 0.33 0.31 0.34 
75 0 .93 0.31 0.29 0.32 
76 0.92 0.31 0.29 0.31 
The published life tables are quite similar, and all of them, when 
coupled with estimates of female juvenile survival (birth to age 2 
years) and age-specific pregnancy rates, can satisfactorily predict 
the numbers of pups born for the years 1950-83. However, no direct 
estimates of female juvenile survival are available, and to success-
fully model numbers of pups born, most researchers have made 
assumptions about the relationship of male and female juvenile sur-
vival. Chapman (1964) inferred that the survival of juvenile female 
fur seals was about 10% higher than males. I have determined that 
the best estimate of the ratio of female-to-male juvenile survival 
rates is dependent on the life table used. For the life tables in Kenyon 
et a1. (1954) and York and Hartley (1981), the 10% figure is 
reasonable; however, if the Lander (1981) life table is used, a 5% 
figure is better based on the reliability of predictions of the numbers 
of pups born. 
Influences 
Clearly the greatest influence on the population of fur seals during 
the past 30 years has been the herd reduction accomplished through 
a harvest of females. It is not understood how other factors influence 
the course of the population over time because their effects are not 
nearly so drastic. Mortality during the first 4 months of life ap-
pears to be density-dependent (York in Kozloff 1982). Common 
causes of death among pups are starvation, trauma, and diseases 
(hookworm and leptospirosis). Space is not a limiting factor on the 
Pribilof Islands or on San Miguel Island at present. Sharks, killer 
whales (Orcinus orca), and Steller's sea lions (Eumetopiasjubalus) 
are known to prey on fur seals (Scheffer et a1. 1984); Gentry and 
Johnson (1981) estimated that sea lions consumed 3.4-6.8% of 
neonates on St. George Island during the summers of 1974 and 1975. 
A small percentage of males in the commercial harvest (about 
0.45 %) carry netting or other debris when they appear in the harvest; 
Fowler (1982) estimated that mortality due to entanglement in debris 
could be as much as 5 % per year. Incidental catch in commercial 
fisheries is insignificant (Loughlin et al. 1983). 
REPRODUCTIVE PARAMETERS ______ _ 
Age at first pupping 
York (1983) developed three methods of estimating age at first 
pupping for the 1952-66 cohorts based on data collected at sea by 
scientists from the United States and Canada during 1958-74. Age 
at first pupping did not apparently behave in a stereotypical density-
dependent fashion following reduction of the herd. In fact, age at 
first pupping appears to have increased sharply, then decreased slow-
ly with the decrease of the population; it never returned to the low 
level of those cohorts born before the herd reduction. Figure 6a 
shows the percentage of females pregnant at least once and the 
percentage primiparous and pregnant when sampled. Figure 6b 
shows the relationship between estimated age at first reproduction 
and juvenile survival (birth to age 2 years). Age at first reproduc-
tion and juvenile survival are negatively correlated. but the level 
of age at first reproduction is 0.6 years higher for the 1956-66 
cohorts than for the 1952-55 cohorts. York (1983) postulates that 
this difference could have been caused by (1) the manner in which 
commercial harvest of females was conducted (a higher percent-
age of earlier maturing females harvested would leave more later 
maturing animals to be sampled) or (2) possible positive bias in 
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Figure 6a-Percentage of female northern fur seals pregnant at I~ once (parous) 
and percentage primiparous and pregnant as a function or age for the 1954-64 
year classes hased on data from the combined United States-Canadian pelagic 
collections 1958-74 (from York 1983). 
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Figure 6b-Age at first reproduction of female northern fur seals as a function 
of Lander's (1979a) juvenile survival estimates for the 1952-66 year classes. Age 
is regressed on survival with separate intercepts for the 1952-55 aod 1956-64 year 
classes (from York 1983). 
Age-specific fecundity 
The age-specific pregnancy rates based on data from the pelagic 
sampling program (1958-74) appear in York and Hartley (1981). 
Since the sex ratio of fetuses did not vary significantly from 1: 1, 
the age-specific fecundity rates (number of females born to each 
female) are assumed to be 0.5 of the age-specific pregnancy rates 
(Table 3). York (1980) showed that pregnancy rates among females 
7 years and older did not change significantly during the period 
of the pelagic investigations, although there was some year-to-year 
variation. However, among those age groups which were not fully 
Table 3-Pregnancy and Table 4--Age com-
fecundity rates for female position of breeding 1912 20 1913 
northern fur seals. Preg- northern fur seal 
nancy rates from York and males kiUed as part 15 15 
Hartley (1981). of study and mature 
males found dead on 10 10 
Pregnancy land in 1965 (John-
Age rate Fecundiry son 1968). 
5 5 
.1"" 
2 0.00 0.00 Number of ,/'" ;."., 
0.00 seals 0' 3 0.00 Age 
4 0.05 0.03 
5 0.35 0. 18 7 7 
6 0.71 0.35 8 31 
7 0.80 0.40 9 48 
8 0.87 0.43 10 101 
9 0.88 0.44 II 87 
10 0.88 0.44 12 35 
II 0.89 0.45 13 54 
12 0.86 0.43 14 23 
13 0.86 0.43 15 12 
14 0.83 0.42 16 6 
15 0 .82 0.41 17 I 
16 0 .79 0 .39 18 0 
17 0.70 0 .24 
18 0.64 0.32 Total 405 
19 0.54 0.27 
20 0 .47 0 .23 
21 0.50 0 .25 
22 0.28 0. 14 
23 0. 11 0 .05 
24 0.00 0 .00 
25 0.00 0.00 
Figure 7a-Relationship of counts of northern fur seal pups born 
to counts of harem bulls for the various rookeries of SI. Paul 
Island, Alaska, 1912·22 (from York and Kozloff 1987). 
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recruited to the breeding population, the pregnancy rates did change 
over time. This was the basis for conducting the analysis of the 
change in age at first reproduction, discussed above. 
Age of attainment of territorial status in males 
No information is available concerning the attainment of territorial 
status . However, information is available on the age composition 
of males holding territories with females (harem males). Table 4 
contains the age composition of 405 breeding males killed or found 
dead on land in 1965 . The average age is 10.93 years (SO = 1.97 
years) . 
REPRODUCTIVE ECOLOGY ______ _ 
Timing and duration of the pupping season 
On the Pribilof Islands, pups are born from 15 June to I August. 
The median date of births on SI. Paul Island is 7-8 July (Peterson 
1968). The pupping season on San Miguel Island is usually from 
late May to late July; the length of the pupping season is 4-7 weeks, 
and the median birth date is about 2 weeks earlier than on the Pribilof 
Islands (24 June with a range of 21-29 June over the 1O-year period 
1969-78) (DeLong J 982). 
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Density of females 
Gentry (in Kozloff 1980) reported a peak density of J. 75 (SO = 
0.34) females/m2 at study areas on SI. George Island during 
1974-79. Within a group, density is greatest in the first week that 
females are on shore, and it declines during the season. 
Degree of polygyny 
York and Kozloff (1987) have examined the historical data regard-
ing Ihe sex ratio of breeding adults. The ratio of pups to breeding 
males is remarkably constant among rookeries for a given season 
(Fig. 7a,b), but the ratio changes from season to season. The in-
formation in Figure 7 pertains to St. Paul Island for those years 
for which pup estimates were avai.lable on all rookeries. The ratio 
of pups to breeding males ranged from 29: I in 1963 to 71 : 1 in 1913. 
At present the ratio is about 33: I. On San Miguel Island, the ratio 
of pups to reproductive males is about 25: I (observed range is 10.0: 1 
in 1972 to 26.7: I in 1978). 
Attendance pattern 
The duration of visits by females to land and the length of time 
spent at sea vary as the season progresses . The first visit is the 
longest , the last visit of the season is next longest, and those visits 
in between are shorter. Trips to sea become longer over the season 
at the rate of J.2 days for each 30 days postpartum. 
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Figure 7b-Relationship of estimates of northern fur seal pups born and counts 
of harem bulls on the various rookeries of St. Paul Island, Alaska, 1%3-75 (from 
York and Kozloff 1987). 
The following information on attendance patterns is taken from 
Gentry and Holt (1986) for fur seals at study sites on St. George 
Island: 
Interval from arrival to parturition 
Mean duration of trips to sea 
Number of visits to land 
Duration of first visit to land 
Duration of other visits to land 
Amount of time female available to pup 
1.2 ± 0.6 days 
6.9 ± 1.4 days 
8-12 
8.3 ± 0.45 days 
2.1 ± 0.3 days 
27% 
GROWTH _____________ _ 
Lander (1979b) summarized information on the growth of individual 
fur seals from data in the pelagic collections of Canada and the 
United States (1958-74). Figures 8a,h present the average lengths 
and weights of males and females for ages 1-25. Figures 9a. b sumru-
marize available data on fetal growth of males and females during 
January-July. Mean birth weight is about 6.0 kg for males and about 
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Figure Sa-Mean length, by age, of northern U.S. fur seals collected 1958-74 by 
Canadian and United States research vessels in the North Pacific Ocean and 
eastern Bering Sea (from Lander 1979b). 
cm in length. Full-grown adult females weigh about 40 kg and males 
about 150-160 kg, although at the beginning of the breeding season 
males may weigh as much as 180-220 kg. Typically, breeding males 
lose 20-25 % of their mass during the breeding season (Johnson 
1968). 
FOOD ______________ _ 
Kajimura (1984) and Perez and Bigg (1986) summarized the feeding 
information for northern fur seals in the eastern North Pacific Ocean 
and Bering Sea. Stomachs were collected from fur seals throughout 
their subarctic range by scientists from the United States and Canada 
during 1958-74. Kajimura characterizes the fur seal as an oppor-
tunistic feeder, preying on the most available species throughout 
its range. 
Fifty-three species of fish and 10 species of squid were found 
in fur seal stomachs. Table 5 (Kajimura 1984) shows the principal 
forage species utilized by fur seals in the eastern North Pacific. 
Figures 10-12 (Kajimura 1984) summarize monthly frequency of 
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Figure 8b-Mean weight, by age, of northern fur seals collected 1958-74 by Cana-
dian and U.S. research vessels in the North Pacific Ocean and eastern Bering 
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Figure 9a-Mean length of nortbern fur seal fetuses, by IO-day periods begin-
ning I January, from 1958-74 collections by Canadian and United States research 
vessels in tbe North Pacific Ocean and eastern Bering Sea (from Lander 1979). 
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Table 5-Principal forage species utilized by northern fur seals in the eastern 













































































































Figure 9b-Mean weight of northern fur seal fetuses, by 100day periods begin-
ning I January, from 1958-74 collections by Canadian and U.S. research vessels 
in the North Pacific Ocean and eastern Bering Sea (from Lander 1979). 
Figure 10-Principal forage species of northern fur seals off Califor-
nia, 195~ and Washington, 1958-74 (from Kajimura 1984). 
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Figure II-Principal forage species of northern fur seals orr 
British Columbia, 1958-72, and Gulf of Alaska, 1958-68 (from 
Kajirnura 1984). 
Figure 12-Principal forage species of northern fur seals in weslern 
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areas of California, Washington, British Columbia, the Gulf of 
Alaska, western Alaska, and the Bering Sea. In addition to the fre-
quency of occurrence and analysis of volume of prey items, Perez 
and Bigg (1986) use "modified volume" and "energy adjusted 
modified volume" methods to describe the diet of fur seals. They 
characterize the fur seal diet as 60% smalJ schooling fish, 23% other 
fish, and 17% squid. 
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INTRODUCTION __________ _ 
When Clark (1975) published a species summary about the 
Galapagos fur seal, Arctocephalus galapagoensis, little was known 
about its natural history. It was still bel ieved to be very rare, and 
Orr (1972) described it as in the "danger zone." Available knowl-
edge was mostly on skull anatomy (Repenning et al. 1971) and thus 
did not allow many comparisons with the more temperate species 
of the genus. Since then, much information has become available 
through recent work which began in 1976. The information given 
in this review necessarily overlaps somewhat with a previous 
description of the natural history of the species (Trillmich 1984); 
however, I have tried to make it complementary. The references 
give a complete list of original contributions to our knowledge about 
the Galapagos fur seal, omitting most publications which merely 
gathered or reinterpreted old data. 
METHODS ____________ ___ 
The recent studies of the Galapagos fur seal were all made at Cabo 
Hammond (long. 91 °37'W, lat. 0028'S), which is the southwest 
corner of Fernandina, the westernmost island of the Galapagos 
Archipelago. Fernandina is uninhabited and free of introduced larger 
organisms. A continuous 530-m section of coastline was the main 
study area, and most behavioral observations were made along an 
approximately 180 m subsection of it. Since the study site is part 
of the Galapagos National Park, killing of animals is entirely pro-
hibited. thus precluding sampling programs for the determination 
of age structure, pregnancy rates, and so on. 
The seals were studied from 1976 onwards. Visits to the study 
area took place between August and November in 1977 and 1979-83. 
Shorter periods were spent on Cabo Hammond in August and 
December 1976, February and June 1978, and April 1981. D. 
Limberger carried out observations almost continuously at Cabo 
Hammond between August 1982 and March 1983, during the re-
cent strong El Nino. Observations were always made by sitting or 
moving quietly between the animals, without the use of a hide. Even 
territorial males usually became oblivious to our presence after a 
few hours habituation. 
From 1979 we tagged Galapagos fur seals with flexible, UV-
resistant Allflex sheep ear tags applied to the trailing edge of the 
front flipper. If they survive the first month on the animal, these 
tags last very well. Pups were weighed with spring balances (to 
the nearest 50 g) or an electronic scale (to the nearest 5 g). Adults 
were induced to move onto a board placed between bathroom scales 
and were weighed in this manner without handling. A few captured 
adult females were weighed with spring balances. 
HARVESTING ___________ _ 
The Galapagos fur seal was hunted, apparently indiscriminately, 
during the 19th century. Sealing in the Galapagos was carried mainly 
out by whalers while calling into the Galapagos to pick up fresh 
water or provisions (e.g., giant tortoise meat); but some sealers 
apparently hunted the seals professionally, since the largest 
documented catch for one voyage was 8,000 animals (Captain Fan-
ning in 1816, according to Townsend 1934). Townsend (1934) pro-
vided a list of22,508 skins taken in the Galapagos between 1816 
and 1933. He considered it incomplete since it included only the 
harvest of ships sailing from California. English and Spanish vessels 
are also known to have come to the Galapagos for sealing (Slevin 
1959), but their catches have not been documented. 
By 1898-99 the number of fur seals had been reduced so much 
that no well-defined rookeries could be found during a 6-month 
stay in the Galapagos by the Hopkins Stanford Galapagos Expedi-
tion (Heller 1904). Nevertheless, 224 skins were collected during 
this expedition, and Heller mentions that the captain of his ship had 
had about the same success in several previous years (a statement 
not accounted for in Townsend's (1934) list and thus attesting to 
its incompleteness, even for ships sailing from California). When 
the schooner Academy spent a year in Galapagos waters between 
1905 and 1906 making collections for the California Academy of 
Sciences, only one Galapagos fur seal was taken (on Genovesa). 
Around that time the population was probably at an all-time low. 
As sealing became totally uneconomical, interest waned and there 
is no record of later sealing expeditions. The next report of a 
Galapagos fur seal came from Banning (1933) who observed fur 
seals on Genovesa during the Hancock expeditions of 1932 and 1933 
which brought back eight specimens to the San Diego Zoo (Town-
send 1934). 
Since the 1940s, Galapagos fishermen have known about sizeable 
fur seal colonies on Pinta and Marchena (F. Angermeyer, Galapagos 
inhabitant, pers. commun.). In 1957 Eibl-Eibesfeldt (1959) dis-
covered a colony on Santiago which he estimated at about 100 
animals. Between 1960 and 1962 Leveque (1963) made a partial 
survey of the Galapagos coasts and found colonies on Santa Cruz, 
Baitra, North Seymour, Rabida, north Santiago, northeast and north 
Isabela, Genovesa, Marchena, Wolf, and Darwin. His actual counts 
gave a total of 1,940 fur seals, but he tentatively estimated a popula-
tion size of 4,000 animals. 
It is impossible to decide whether the apparent increase in fur 
seal numbers since 1940 is due to an actual increase in numbers 
or to an increase of visits to the rather inaccessible habitat of the 
Galapagos fur seal. We may tentatively assume that the species has 
been recovering and perhaps even extending its range since about 
1910. It was helped a little in 1934 when the Ecuadorian govern-
ment prohibited all hunting of native Galapagos animals. However, 
the legislation was impossible to enforce and consequently had lit-
tle effect on the local residents, although it may have deterred 
foreigners. Then, in 1959, over 80% of the Galapagos archipelago 
was declared a National Park, and subsequent protection of the fur 
seal has been successful. 
POPULATION 
SIZE AND TRENDS _________ _ 
The earlier estimates of population size (about 4,000 according to 
Leveque 1963; more than 1,000 according to Orr 1972, who does 
not discuss Leveque's estimate but cites the article) were necessarily 
guesses based on very incomplete surveys of the Galapagos coastline 
and virtually no knowledge of the animals' behavior. Thus they 
cannot be used for an assessment of population trends or changes 
in the distribution of the species. 
An almost complete population census was made in 1977-78 dur-
ing April, May, and June. Most counting was carried out from an 
inflatable rubber boat slowly cruising close inshore. On the few 
occasions possible, censuses were made on foot and, at a few places. 
from a small fishing boat cruising at a speed of2-3 kn. Comparison 
proved that counting on foot was the most reliable method. 
The total number of fur seals counted was 9,785. By applying 
corrections for the method of counting and the phase of the lunar 
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Table I-Population size of the Gala-
pagos fur seal by islands. Numbers 
estimated from direct counts by cor-
recting for census method and lunar 
phase and given to the nearest 50 fur 
seals. 
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Figure I-Distribution of the Galapagos fur seal. Dotted lines indicate sparse 
colonies; continuous lines indicate dense colonies. Arrows indicate hauled-out 
animals, presumably no breeding. 
month at the time of counting (Trillmich and Mohren 1981), an 
estimate of 30,000 fur seals was derived (Trillmich unpubl. data). 
About one-third of them live on Isabela, the largest of the Galapagos 
islands (Trillmich 1984). Approximate population size per island 
is given in Table I. Figure 1 summarizes the present distribution 
of the Galapagos fur seal. 
Colonies occur mostly on the western shores of the islands, where 
upwelling is strongest due to steep slopes of the submarine flanks 
of the volcanic islands. Perhaps such areas of upwelling are par-
ticularly rich in prey species, but no relevant data on their distribu-
tions are available. 
The population at the main srudy site, Cabo Hammond, remained 
stable between 1977 and 1982. However, the strong EI Nino of 
1982-83 killed at least the three youngest year classes and also 
adversely affected the survival of adult males (Trillmich and 
Limberger 1985). 
INFLUENCES ______________________ __ 
It is not yet clear whether the population is close to carrying capacity 
or still recovering from its earlier exploitation because of the limited 
time span over which we have reliable data; consequently I can 
only speculate on factors which may influence population size. 
A density-dependent limiting factor may be competition between 
females on land for shaded pupping sites (Trillmich 1984). Another 
important, and presumably density-independent. factor limiting 
population size may be food. as several year classes perished com-
pletely during the recent EI Nino, apparently from food shortage. 
COMPETITORS ______________________ _ 
Competition with the sympatric Galapagos sea lion. Zalophus 
californianus wollebaeki, is, at present population densities, very 
limited on land since the species differ in habitat preference: fur 
seals choose rocky shores with steep broken relief, while sea lions 
choose wind-exposed beaches, whether sandy or rocky. At sea. the 
differences in their feeding behavior reduce interactions: sea lions 
dive relatively deep during the daytime and the fur seals much 
shallower at night (Kooyman and Trillmich 1986 a,b). Furthermore, 
preliminary analysis of food remains in scats and vomits shows that 
both species feed mostly on different fish species and that only the 
fur seals take a considerable amount of cephalopod prey (Clarke 
and Trillmich 1980; Trillmich unpubl. data). 
PREDATORS ________________________ __ 
Sharks may cause considerable mortality as fur seals with large shark 
bites were often observed. Since it is impossible to determine the 
proportion of fatal attacks by sharks. this cause of mortality can-
not be quantified at present. However, among a sample of83 marked 
females observed for at least 3 months during a reproductive season, 
none were recorded as lost and this indicates that shark predation 
is not a major cause of adult mortality. On one occasion kiner 
whales, Orcinus orca, were seen to hunt cooperatively and actual-
ly kill a Galapagos fur seal in front of the study colony. 
Introduced feral dogs are the only alien predators which present 
a potentially serious threat to a large subpopulation of fur seals on 
Isabela. They were observed killing pup fur seals and attacking 
adults. Fortunately, large feral dogs were present only on southern 
Isabela where they exterminated most of the fur seal population. 
The present dog eradication program of the Galapagos National Park 
has apparently brought this problem under control. Just how per-
manent that will be is hard to guess; unfortunately, a small popula-
tion of feral dogs which still exists in the highland areas of Cerro 
Azul and Sierra Negra could re-invade coastal areas 
MORTALITY ________________________ _ 
Mortality of all age groups varied widely between years due to ex-
treme fluctuations in the environment during the study. For exam-
ple, 1981 was an especially good year for the fur seals, while 1976 
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Table 2-Mortality estimates for Galapagos fur seals. 
Age class N Mortality Remarks 
Birth· 30 days 202 9% Pups without sibling 
Birth·30 days 268 15% Including pups with older Siblings 
Adult females 60 15% Per year, females wilh pups only 
Territorial males 22 32% Per year 
contained a weak EI Nino and 1982-83 a catastrophic one which 
caused 100% pup mortality (Limberger et al. 1983). The values 
in Table 2 were calculated by excluding the year 1982-83. They 
are, therefore, a biased sample of the available data, but presumably 
are closer to long-term average conditions than if the 1982-83 data 
had been included. 
Table 2 gives two separate estimates of pup mortality during the 
first month of life because females are still accompanied by their 
older offspring in about 8 % of all births. In these cases mortality 
of newborn offspring due to competition with older siblings is very 
high and thus is a very important mortality factor which does not 
exist for most other Arctocephalus species. Adult female mortality 
was estimated for females with pups only, since they are the most 
sedentary subset of the female population and are most likely to 
be found in subsequent seasons. Nevertheless, the value given in 
Table 2 may still overestimate female mortality because it does not 
take into account dispersal of females with yearlings away from 
the main pupping sites. 
REPRODUCTIVE PARAMETERS __________ __ 
Because the tagging program only began in 1979 and the killing 
of Galapagos fur seals is totally prohibited by the National Park 
authorities, very few data on age-specific reproductive parameters 
are currently available. 
The youngest tagged female seen copulating was 3 years old. 
Estimating age from size (a very dubious method), it appeared that 
most pupping females were aged 5 years or older. Age-specific 
fecundity of females is unknown. 
Fully grown males found dead during or towards the end of the 
ceproductive season were aged from longitudinal sections of canine 
teeth. Presumably most of them had been territorial before death 
since they were badly scarred. One of these males was observed 
holding a territory in the month before his death. Their ages ranged 
from 9 to ~ II years (n = 14). Condy lobasal length of their skulls 
varied between 198 and 212 mm. The data suggest that males usually 
attain territorial status at 8-10 years of age. 
REPRODUCTIVE ECOWGY ____________ __ 
Pupping 
The pupping period begins in mid-August and lasts until mid-
November. It peaks at slightly different times each year, between 
the last week of September and the first week of October. In 1979 
and 1980 all pups born in the study area were marked within 4 days 
of birth. Along a 530-m coastline, 162 pups were born in 1979 and 
228 in 1980, with 90% of the births occurring between 17 August 
and 29 October in 1979 and 27 August and 29 October in 1980, 
i.e., over about 70 days. Births peaked on 3 October and 26 
September, respectively. 
Density on land was always highest shortly before and during 
a full moon (Trillmich and Mohren 1981; Trillmich 1986a) and 
declined sharply thereafter. The highest densities in suitable pup-
ping habitat were about 4 females per 100 m2 around full moon. 
Density dropped to approximately 1.6 females per 100 m2 around 
the time of the new moon. Nearest neighbor distances were rarely 
lower than about 0.5 m, but no systematic records were made of 
them because the very broken habitat of the seal meant it was often 
unclear whether nearest neighbors were aware of each other. 
Distances between fur seals resting ashore during the warmest hours 
of the day were mostly determined by the distribution of resting 
sites in the shade. 
Weaning 
The period of dependence of young in the Galapagos fur seal is 
unusually long. They are attended and suckled regularly until about 
2 years old or older. Yearlings are not weaned at the birth of a 
new pup but compete with their siblings for their mother's milk. 
Usually the younger pup, although initially defended by its mother, 
quickly loses in this competition and starves to death within a month 
or Jess. The same occurs in many cases when mothers of depen-
dent 2-year-olds give birth to a new pup. Only in exceptional cases 
do mothers succeed in raising a 2-year-old and a newborn pup 
simultaneously (Trillmich 1986a). 
Over three seasons, we studied how lactating female Galapagos 
fur seals apportioned their time. Females stayed with the newborn 
for approximately 7 days after birth and then returned to a normal 
routine of alternating foraging trips and periods ashore attending 
the pup. They foraged almost exclusively at night, their trips be-
ing longest (50-70 hours) around the new moon or decreasing half 
moon and shortest around the full moon (10-20 hours). Periods 
ashore followed the reverse pattern. Young were nursed until about 
2 years old. Mothers of yearlings spent less time ashore than mothers 
of young pups (10 days to three months) by making more foraging 
trips per unit time, but individual trips were of roughly equal dura-
tion for both groups of mothers. Nursing time increased with age 
of the young, reaching a maximum of 70-80% of attendance time 
in mothers of yearling males. A rough estimate of total maternal 
effort for raising one offspring would be 300 foraging trips and 
3,000 hours of nursing (Trillmich 1986a). 
Territoriality 
Due to the Galapagos fur seal's long pupping season, no territorial 
male is able to maintain his territory for the whole season. The 
longest territory tenure was 51 days. About 30% of the males 
returned to their previous territory within the same season and were 
territorial for a second time. The median time of first territory tenure 
was 27 days and 15 days in the second (Trillmich 1984). 
Parallel observations on territorial bulls and pup production exist 
for different subsections of the study area for 4 years. The largest 
sample (1980) showed that there were 39 territorial bulls on the 
area where 147 pups were born, i.e., 3.8 pup births per bull. Com-
bined data from the main study site in 1977, 1979 and 1981 showed 
86 births per 24 bulls or 3.6 births per bull. There are two prob-
lems with accepting these figures as a relevant estimate of the degree 
of polygyny in the Galapagos fur seal: (1) The distribution of ter-
ritory tenure times and, consequently, of the number of copula-
tions achieved is very skewed (Fig. 2); and (2) there is a considerable 
number of copulations with females who have yearlings, 2-year-
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Figure 2-Copulatory succ~s of territorial bulls in the study area in 1977. 
Table 3-Weights (kg) of Galapagos 
fur seals. 
Weigh! 
Age N (mean ± sd) 
Newborn 23 3.6 ± 0.35 
6 months 131 9.0 ± 1.3 
12 months 56 11.3 ± 2.2 
24 months 32 14.7 ± 2.7' 
Adult female IO 27.3 ± 3.3 
Adult male 63.7 
'Sample presumably biased towards 
low weights. 
tion of all copulations. This unusual situation occurs because females 
care for their pups for about 2 years, and pregnancy rates are greatly 
reduced during this time (Trillmich 1986b). 
The best available estimates derive from the proportion of ob-
served copulations of females who have pups compared with those 
of females with yearlings, older young, or no offspring. These 
figures indicate that about 30-50% of all copulations are with females 
who have not pupped in the current pupping season. This would 
give an estimate of 5-7 copulations per bull per season. 
GROWTH _____________ _ 
The data available on the growth of the Galapagos fur seal are sum-
marized in Table 3. Weaning weights are presumably slightly higher 
than the weight given in Table 3 for 2-year-olds. Growth rates of 
pups over the first 2 months of life were 58 g/day for males and 
43 g/day for females (Trillmich 1986b). 
Townsend (1934) gave the weight of an eviscerated carcass of 
a full grown male as 50.3 kg. Assuming eviscerated weight to be 
around 75% of live weight, this would correspond to 67 kg. 
Trillmich (1984) obtained three weights of live territorial males rang-
ing from 60 to 68 kg. Adult females were found to weigh between 
21.5 and 33.0 kg with a mean of27.3 kg. Curvilinear body length 
was 152 cm for territorial males and 120 cm for adult females 
(Trillmich 1984). These results are similar to Townsend's (1934) 
measurements of his adult male, which was 137 cm from the tip 
of its nose to the tip of its tail, and to Heller's (1904) measurements 
which give an average adult male length of 157.1 cm (n = 5) and 
an average adult (?) female length of 102.5 cm (n=2). The data 
on weight and size clearly show that this species is by far the smallest 
fur seal. 
FOOD----------________________ __ 
Very little information is presently available on the diet of the 
Galapagos fur seal. Clarke and Trillmich (1980) give a list of 
cephalopods identified from vomits of adult female fur seals col-
lected in 1976 and 1977. OnychoteUlhis banksi, having a mean 
weight of 12 g , comprised 74% of the biomass in the sample. In 
a later sample (1981; M. R. Clarke, Mar. BioI. Assoc. U.K., 
Plymouth, unpubl. data) , ommastrephids comprised 84 % of all squid 
beaks found. A large collection of otoliths from scats (approximately 
3,(00) was made in 1983 and is presently being analysed. Because 
the scats contained very few squid beaks and the vomits no otoliths, 
it is clear that these items are eliminated in a different manner, thus 
making it impossible to comment on the relative dietary importance 
of squid and fish as food . 
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Table I-Harvest (number of pelts taken) of fur seals in 
Uruguay, 1873-1900. 
Year Harvest Year Harvest Year Harvest 
1873 8,190 1883 12,843 1892 15.870 
1874 9.449 1884 14,872 1893 17.779 
1875 9,204 1885 12.247 1894 20.763 
1876 11,353 1886 17.072 1895 17,421 
1877 13.066 1887 17.788 1896 23.639 
1878 14,493 1888 21,150 1897 19.234 
1879 14.093 1889 15,700 1898 17,685 
1880 16.382 1890 20,150 1899 17,235 
1881 14,473 1891 13,871 1900 18,828 
1882 13.595 
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HISTORY OF HARVESTING ______ _ 
According to Vaz-Ferreira (1950, 1976a,b, 1982) and Ponce de 
Leon (1983a), the exploitation of fur seals in Uruguay began shortly 
after the discovery of the country by Juan Diaz de Solis in 1515, 
whose mates, after his death, took a cargo of fur seal skins to be 
sold in Seville. The next mention of commercial exploitation is from 
1724, the year in which seal oil was used for illumination of the 
city of Maldonado. In 1792 exploitation was begun by the Real Com-
pania Maritima on instructions of the King of Spain, and continued 
until the English invasion of the territory in 1808. After that, harvest-
ing was done by concessionaries under the government's control. 
As described by Vaz-Ferreira (1950), sealing has been conducted 
on all the islands populated by the species: Isla de Lobos and Islote 
de Lobos off Punta del Este, and Marco, Encantada, Rasa, and Islote 
near Cabo PoJonio. 
Some data exist for the fur seal harvest between 1873 and 1900 
(Table I), relying chiefly on the accounts of Veritas (1895) and 
the Bering Sea Tribunal of Arbitration (1895). These give a total 
of 438,445 and a mean annual catch of 15,659 pelts, apparently 
sustained for at least 28 years. No records from 1901 to 1909 are 
available. The catch for 1910-42 was 71,955 fur seals, according 
to Perez-Fontana (1943). (Apparently no killing occurred, or no 
records are available, for 1913, 1915, 1917-18, 1930-33, and 
1938-39.) From 1943 to 1947 a total of 17,000 seals was taken. 
In 1948 and 1949 there was no killing, and a management project 
was started. In 1950 the harvest at Isla de Lobos was restricted ex-
clusively to males. and 1.692 pelts were obtained. Between 1959 
and 1983 a total of 224,793 seals were taken (Table 2), averaging 
8,990 per year. The reduction in 1982 and 1983 was due chiefly 
to a significant drop in demand by the market. 
Table 2-Harvest of fur seals in Uruguay, 1959-83. 
Lobos Island Cabo Polonio 
Year and IslOie Islands Total 
1959 5,679 2,430 8,109 
1960 4,562 4,562 
1961 5,003 5,003 
1962 5.113 5,113 
1963 4,700 2,300 7,000 
1964 5,917 2,058 7,975 
1965 5,Q70 2,055 7,125 
1966 6,000 3,500 9,500 
1967 7,000 2,942 9,942 
1968 7,421 3,531 10,952 
1969 7,857 3,573 11,430 
1970 8,390 3,550 11,940 
1971 8,248 4,406 )2,654 
1972 8,122 3,614 11,736 
1973 7,480 3,817 11,297 
1974 8,370 3,770 12,140 
1975 8,705 3,902 12,607 
1976 9,793 4,252 14,045 
1977 6,870 4,063 10,933 
1978 6,844 3.680 10,524 
1979 6,929 3,567 10,496 
1980 9,320 
)981 8,215 8,215 
1982 1.375 1,375 
1983 300 500 800 
The management and exploitation of the Uruguayan herds from 
1950 to 1975 was by Servicio Oceanografico y de Pesca (SOYP). 
This was restructured in 1975 and divided into the Instituto Na-
cional de Pesca (lNAPE) and Industria Lobera y Pesquera del Estado 
(ILPE), the latter responsible for control and exploitation of the 
fur seals. The pelts are processed by a plant belonging to the same 
institution, and is now one of the few in the world doing this kind 
of processing. Oil from fur seals is obtained on Isla de Lobos and 
Cabo Polonio from the seals killed on nearby islands. Genitals of 
adult males are exported to countries in Asia. Teeth have a small 
local market for use in handicrafts. 
POPULATION 
SIZE AND TRENDS _________ _ 
Data for 1953 are sur.lmarized in Table 3. In subsequent years the 
number of pups born has risen steadily, and the breeding seals are 
occupying a greater area. The total estimated population was 
129,000 in 1960, 174,000 in 1965, and 252,000 in 1972 (Ximenez 
1973). 
In 1981, a total of 14,815 pups were counted at Isla de Lobos 
(Vaz-Ferreira et al. 1985) in contrast to 7,460 in 1956. Thus num-
bers doubled from 1956 to 1981. The pup censuses of 1956 and 
1981 were made in early February when births of A. australis and 
the South American sea lion Otaria flavescens were finished, and 
it was possible to walk throughout the island. Adult seals were 
chased away, but pups remained or went briefly into the water and 
could easily be counted directly. The few which remained in crevices 
were counted separately. Since counts are made when pups are 
already 1 or 2 months old, this kind of census is valid only for years 
in which no big stonns occur causing substantial early pup mortality. 
The 1953 adult census was made in January by photographing 
the islands from elevated points and counting the seals on the 
pictures. 
INFLUENCES ___________ _ 
Space 
All the islands on which A. australis lives are also populated by 
O. flavescens. The competition with O. flavescens is reduced by 
several factors (Vaz-Ferreira and Sierra 1963), particularly the 
different breeding seasons of both species and their preference for 
different habitats. Steep, abrupt rock zones with crevices are pre-
ferred by A. australis, whereas flat areas are preferred by the sea 
lions (Vaz-Ferreira 1956). 
The increase in fur seal populations has coincided with a decrease 
of the sea lion population, and part of the areas fonnerly occupied 
by sea lions is now occupied by fur seals. The population of A. 
australis is now probably near its original numbers since all areas 
fonnerly occupied by breeding fur seals appear to be recolonized. 
Food 
The coastal and oceanic areas off Uruguay are very rich in food, 
and there is no evidence that food may limit fur seal populations. 
Nevertheless the period of winter attendance on the higher parts 
of the islands has been reduced over the last few years. This sug-
gests that the fur seals remain at sea longer than in previous years, 
at a time which coincides with the increase of populations and of 
fishing activities. 
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Table 3-Counts of pups and adults of the South AmerI-
can fur seal in Uruguay. 
Pups 
Group Islands 1953' 1956' 
Lobos Lobos 4,435 7,460 
Islote 500 
Torres Rasa 15 178 
Encantada 2,128 2,383 
Islote 280 337 
Castillos Marco 1,791 2,332 
TOTAL 9,149 12,690 
'February-March; ground count. 











Competition between fur seals and sea lions is reduced by the fact 
that the sea lion feeds in inshore waters and the fur seal goes far-
ther out to deeper areas. Competition between fur seals and man 
is much less marked compared with sea lions, because the latter 
mainly follow fishing boats and feed more often on fishes caught 
in nets than do fur seals. 
Predation 
Apart from man, the known predators in Uruguay are several species 
of sharks which catch pups and attack adult females, and killer 
whales, Orcinus orca, which are sometimes seen near the islands 
during the breeding season. 
Survival 
Counts of dead pups in different parts of a rookery on Isla de Lobos 
from November to February of 1956 gave pup mortality rates of 
10% to 20% (Vaz-Ferreira unpubl. data), Much higher mortality 
rates, reaching 80% in the Torres Islands (Ximenez 1973) can oc-
cur at times of adverse weather. Near Cabo Polonio, for example, 
there are frequently big storms during December and January, where 
southerly winds raise the sea level by 2 m. Many pups are swept 
away and are either drowned or driven ashore on mainland beaches 
where, in the absence of their mothers, they starve (Ponce de Leon 
1983a). 
There are no data for post-weaning survival. A record exists of 
a male tagged as a pup and killed when it was 21 years old. 
REPRODUCTIVE PARAMETERS _____ _ 
Estrus 
Ponce de Leon (1983a) recorded December as the month in which 
the majority of females reach oestrus and noted that it occurs be-
tween the fifth and eighth day after parturition. 
First pupping 
Tagged known-age females first pupped at the age of 4 years, which 
means that they were impregnated when they were 3 years old, The 
finding of a few pregnant females of body length 1.06-1.18 sug-
gests that impregnation might have occurred at 2 years of age. 
Table 4-Pregnancy rates in female South Ameri-
can fur seals of different size classes. 
----
Size class Pregnant Non-pregnant Total 
1.18 or less 4 7 II 
L19 - 1.31 25 0 25 
1.32 - 1.36 4 0 4 
TOTAL 33 7 40 
No information is available about age-specific fecundity of adult 
females, but some data on pregnancy rates in relation to size are 
found in Table 4 (summarized from Vaz-Ferreira 1976a). 
Territorial status in males 
No data on the minimum age of breeding males are available. Vaz-
Ferreira, Prigioni and Ponce de Leon (unpubl. data) record that 
the overall length and number of ridges in the canines (probably 
a direct measure of age) of three reproductively active males were 
157 em and 9-10 ridges, 160 em and 9 ridges. and 173 em and 
8-9 ridges. 
The males that go to hauling-out grounds have sizes equivalent 
to the ones in the breeding grounds, in which case many of them 
have fresh wounds, or are smaller than the ones on the breeding 
areas (117 and 5-6 ridges, 157 em and 8 ridges, 162 em and 9 
ridges). 
REPRODUCTIVE ECOWGY ______ _ 
Timing of pupping 
Births of Arctucephalus australis in the Uruguayan islands occur 
during November and December. In 1981 and 1982 at Isla de Labos, 
80 % of the pups were born during the last week of November and 
the first and second weeks of December (Ponce de Leon 1983a). 
Density at peak breeding season 
Dividing number of individuals by surface occupied in breeding 
areas during the breeding season in Isla de Lobos (December 1980), 
we recorded 12 individuals in 20 m2 (0.6 m-2); 9 in 15 m2 (0.6 
m-2); 27 in 30 m2 (0.9 m-2), and 9 in 20 m2 (0.45 m-2). These 
records suggest some variation in density at the peak period of 
breeding_ 
Gregariousness 
During the breeding season, territorial groups are established on 
the shoreline or in areas at distances up to 150 m from it. These 
places are provided with pools or rocks giving shade, which allow 
the seals to stay on hot days. At high temperatures, all the members 
of a breeding group either go to sea, protect themselves under rocks, 
or put part of their bodies into the water. The distances between 
territorial males may vary according to topography and situation: 
on the water front, the males are usually at distances of 2 to 6 m 
and 15 m behind the shoreline. The spacing may vary from 4 m 
to 10 m and more if the groups are isolated in pools or hills. 
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Degree of polygyny 
No reliable data are available. Ratios of males to females vary be-
tween 1: 1 and 1: 13 . 
ATTENDANCE PATTERNS 
AND LACTATION -----------
Attendance patterns of females 
The attendance ashore of females is strongly influenced by weather 
conditions, temperature of rocks, and insolation (Vaz-Ferreira and 
Palerm 1961; Ponce de Leon 1983a) _ When the soil is hot, par-
ticularly if it is more than 36°C, almost all breeding females come 
ashore during the night and nurse their pups either at night or in 
the early morning; if the temperature is lower and the surf is heavy, 
the mothers remain on land longer or even stay the whole day 
nursing their pups. 
Attendance patterns of males 
Adult males have a maximum of attendance from November to 
January. Territorial males may defend territories for up to 60 days 
without going to sea. 
Duration of lactation period 
The pup suckles ashore for a period that varies between 8 and 12 
months. Most pups are weaned during their eighth month and few 
continue suckling until they are 12 months old. During the first 
seven months, milk constitutes the only stomach content, and after 
the eighth month the stomach contents include either milk or milk 
with items such as sand, small stones, and shells of molluscs (Ponce 
de Leon 1983b). 
Duration of trips to sea and visits ashore 
No quantitative data are available. 
GROWTH ____________ _ 
Fetus development 
According to Ponce de Leon (1983a, b), there is a high correlation 
between length (L) and weight (W) of the fetus during the intra-
uterine gestation. A total of 177 fetuses were sexed, measured and 
weighed during 1981 and 1982. The sex ratio was 51 .4 % male and 
48.6% female, and the growth curve obtained was 
W = 0.27087 U·33654 with r2 = 0.98730. 
W-L correlation for female fetuses was 
W = 0.27758 U36208 with r2 = 0.98770 
and for male fetuses: 
W = 0.25038 L2.36244 with r2 = 0.98722. 
The W-L correlation for female fetuses was better than for male 
fetuses, and at the end of the gestation period the male fetus was 
slightly bigger than that of the female. There was no correlation 
between the length or weight of pregnant females and the length 
or weight of their respective fetuses. 
Pup development 
Weights of four neonates (Vaz-Ferreira 1982) were between 3,350 
and 5,450 g. Vaz-Ferreira et a!. (unpub!' data) measured seven 
newborn pups (three females and four males) in Isla de Lobos on 
5 December 1980 and found that overall lengths for males were 
60-65 cm and for females 57.5-60 cm. 
Ponce de Leon (unpub!. data) measured and weighed six neonates 
(two males and four females); male overal.llengths were 56 cm and 
females 58-62 cm. Weights for males were 4,010-4,020 g and for 
females 5,000-5,200 g. When pups were 10 months old, the males 
measured between 89-95 cm and weighed 20,200-24,100 g; females 
measured 86-93 cm and weighed 16,300-21,800 g (Ponce de Leon 
1983a). 
Adult sizes 
Maximum overall lengths recorded in Uruguay were 188.5 cm for 
males and 142.5 cm for females. Maximum weights recorded were 
159 kg for males and 48.5 kg for females (Vaz-Ferreira 1982). 
FOOD ____________________________ __ 
Milk composition 
During the main suckling period (November or December through 
October), milk is the only stomach content of the pups (Ponce de 
Leon 1983a). Milk from different females was sampled throughout 
the year, and analysis revealed substantial variation in its quantitative 
composition. The lipid content was minimum in December (28.3-
32.3%), higher in April (35.3-48.8%), maximum in September 
(53.7-57.1 %) and decreased in October (51.7%). Water content 
varied, being maximum in December (45.6-59.3%), lower in April 
(41.3-50.4%), minimum in September (29.0-32.3%), and starting 
to increase in October (38.7%). Protein content was constant 
throughout the year, varying between 8.1% and 12.45%. 
Adult diet 
The feeding of adults probably occurs offshore; some individuals 
are often seen 200 km off Isla de Lobos where they probably feed. 
Adult individuals taken ashore usually have empty stomachs, but 
sometimes fish otoliths, snails, prawns, and cephalopod beaks may 
be found. Stomach contents of 13 specimens drowned in trammel 
nets studied by Brownell (Vaz-Ferreira 1982) included the follow-
ing fish: Engraulis anclwita, Trachurus lathami, Cynoscion stria-
tus, PneumaJoplwrus japonicus, Peprilus sp. In the stomach of nine 
specimens found dead on the coast of Rio Grande do Sui (South 
Brazil), Pinedo and Barros (1983) found shrimps (Pleoticus muelleri 
and Artemesia longinaris), otoliths (Paralonchurus brasiliensis and 
Micropogonias fumieri), and one specimen of Sympterigia acuta. 
Five species of gastropods were also found. 
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HISTORY OF HARVESTING _______ _ 
Abundant archaeological records show that fur seals were exploited 
by the ancient Peruvians as far back as 2000 B.C . (Bonavia 1982), 
but little else is known about the status and exploitation of Arcto-
cephalus australis , South American fur seal, in Peru before 1940, 
chiefly because of failure to distinguish between the species and 
the sympatric South American sea lion, Otaria jlavescens . 
Many authors mention the presence of enormous numbers of seals 
along the Peruvian coast around the beginning of this century, and 
commercial exploitation apparently took place indiscriminately until 
1946. Between 1925 and 1946, 806,525 seal skins were exported 
from Peru, averaging 44,252 skins per year (Majluf and Trillmich 
1981), but it is not known to which species of seal they belonged. 
By 1943 only a few small groups of A. australis survived in 
isolated areas in southern Peru (Gamarra Dulanto 1943; Gonzales 
Zuniga 1944). In 1946, the hunting of both species of seals was 
prohibited between the months of January and April (Piazza 1969), 
but it was not until 1959 that sealing was totally banned (Grim-
wood 1969) . At present, despite this legal protection, seal poaching 
is a very common practice and is persistently carried out by local 
fishermen. 
POPULATION SIZE 
AND TRENDS ___________ _ 
Censusing methods in Peru have unfortunately never been standard-
ized . Numbers have been estimated mainly by using direct counts 
of animals ashore, but censuses commonly vary in time of year, 
time of day , and number of locations censused. Tabulations also 
involve errors in species and age category identification as well as 
disregard for thermoregulatory and disturbance-induced movements 
(Majluf and Trillmich 1981). Therefore, numbers obtained from 
censuses can only be taken as rough estimates. 
Between 1951 and 1979, the population of A. australis in Peru 
increased from 40 (Piazza 1969) to 20,255 (Majluf and Trillmich 
1981). This increase appears to have taken place in the three main 
colonies which have held up to 90% of the tota! population over 
the last 20 years: San Juan, Paracas, and San Fernando . During 
this period, all other colonies appear to have remained more or less 
stable (Fig. I) . 
During the 1982-83 El Nino , high mortality of all year classes , 
a large decrease in numbers at San Juan and San Fernando , and 
an increase in the numbers of previously smaller colonies further 
south were observed (Table I) . Unfortunately, the extent to which 
mortality and migration influenced these changes in numbers can-
not be determined . 
INFLUENCES _____________________ __ 
Space 
Abundant breeding space appears to be available for A. australis 
along the coast of Peru; however, as described above, at present 
most areas within its range remain unused. Poaching seems to be 
the cause of this limited distribution, as indicated by the fact that 
the three main rookeries are particularly protected (San Juan and 
Paracas are both national reserves, and San Fernando is a very 
isolated area) . On these three sites, density varies widely with time 
of year, time of day, and several other environmental and behavioral 
factors, but the manner in which these changes in density affect 
the species ' mortality is not known . 
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Figure I-Contributions of the three largest colonies to the total population of fur seals in Peru (Majluf and Trillmich 1981). 
Table I-Numbers of fur seals at some colonies in southern Peru. 
Colony LaI.S 1979' 1983b Observer' 
Paracas 13°54' 4,246 
San Fernando 15°08' 4,500 300 CH 
San Juan 15°22' 9,644 2,000 PM 
Cerro Pescadores 16°24' 4,000 CH 
Hornillos 16°52' 805 600 CH 
Morro Sarna 18°00' 400 CH 
'Data from Majluf and Trillmich 1981. 
bDirect counts ashore taken around late April 1983, 
'CH ; Coppelia Hays, Dep. Zoo!., Univ. Fla., Gainesville, pers. commun.; 
PM ; P. Majluf pers. observ. 
Food 
Within the past IS years, the 1972 anchovy crash (Idyll 1973), con-
tinuous overfishing, and, lately, the 1982-83 El Nino, have presum-
ably caused severe food shortages for A. australis in Peru. In 
"normal" EI Nino years, starvation and mortality of young pups 
is to be expected, but under extreme conditions. like the 1982-83 
event, juveniles and adults starve as well (pers. observ.). 
Fish stocks in Peru have been extensively depleted, and under 
the present practices of overfishing, former abundance will prob-
ably never be reattained (Idyll 1973; Schaeffer 1970), Thus, even 
if total protection for A, australis were provided, it is unlikely to 
recover its former status in Peru. 
Competitors 
Fur seal rookeries are generally associated with the presence of sea 
lions and seabirds (e,g" Peruvian booby, Sula variegata; Guanay 
cormorant, Phalacrocorax bougainvillei; Peruvian pelican, Pele-
canus thagus; and Humboldt penguin, Spheniscus humboldtii). All 
these are known to forage on the same pelagic fish species 
(anchoveta, Engraulis ringens; and sardine, Sardinops sagax), but 
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the extent of competition among them is unknown, A detailed study 
of preferred fish sizes, foraging depth and ranges, and time of 
feeding for each species is still needed. In general, man's fishing 
activities appear to provide the main competition for fur seals in 
Peru, 
Predation 
Apart from man, fur seals appear to have no major predators in 
Peru. Occasionally, young sea lion males will feed on small fur 
seal pups ashore (pers, observ.) and, very rarely, sharks will at-
tack adults feeding offshore (M, Rojo, guard at Punta San Juan, 
Peru, pers. commun,); however, information about the mortality 
rate of the seals is unavailable, 
Reproductive parameters and 
reproductive ecology 
The South American fur seal breeds between mid-October and mid-
December in Peru, most births taking place in November (pers, 
observ.J. By late November 1979, female density ranged between 
0.6 and 1.0 females per m2 , and varied with temperature, time of 
day, and tide leveL Overall group density varied between 0.5-0.7 
animals per m2 in the early morning and l.3-1.5 animals per m2 
at noon, as animals moved back and forth between the dry areas 
and the tideline for thermoregulation (Trillmich and Majluf 1981), 
Anendance panerns of females were studied between January and 
August 1983, outside the breeding season and under El Nino con-
ditions, During this period, mean duration of foraging trips observed 
was 5.53 days (N=60, range 1-12 days; see Fig, 2a). There is no 
infonnation on the duration of foraging trips in non-EI Nifio seasons. 
However, the emaciated state of pups suggests that either the forag-
ing trips were longer than normal or that the mothers were not 
transferring as much milk to their offspring as in normal seasons 
(TriUmich et al. 1986). 
Foraging trip length varied widely, but there was no correlation 
with changes in sea surface temperature, although the small sample 
sizes involved do not mean that this relationship should be neglected 
in future research. 
Mean duration of female visits ashore during the EI Nino season 
was 1.25 days (N=67, range 0.5-3.0 days; see Fig. 2b). This value 
is very similar to those obtained for other species of Arctocephalus 
(Gentry and Kooyman 1986), and therefore may not relate to prey 
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Figure 2-Duration of (a) foraging trips to sea (n = 60) and (b) visits ashore 
(n = 67), January-August 1983. 
Table 2-Proportion (%) of females nursing offspring of different ages. 
Categories 
Single pup of the year 
Immarures (1-3 yrs old) 
Two offspring simultaneously 
Feb. 1982 
(nonnal) 




Jan. -Aug. 1983 
(EI Niiio) 




Duration of lactation is still unknown, but apparently it very often 
exceeds 12 months (Trillmich and Majluf 1981). Counts of females 
nursing ashore (Table 2) indicate that a great proportion of females 
continue to nurse the offspring of the previous year, sometimes at 
the expense of the newly born pup. 
Growth 
No information is available on the growth rate of A. australis in 
Peru. 
Food 
Between January and August 1983, 100 scat samples were collected 
in Punta San Juan. Preliminary analysis of the otoliths indicates 
that A. australis in southern Peru forages mainly on Sardinops 
sagax, Engraulis ringens, and Trachurus symmetricus. Since these 
samples were collected during EI Nino, a similar collection under 
normal environmental conditions is still needed. 
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INTRODUCTION -----------
Since the rediscovery of Arclacephalus philippii in 1965 by Baha-
monde (1966), attempts to begin detailed studies of this species have 
failed due to lack of financial and logistic support. Some research 
was carried out in 1970, 1975, and 1977-78 , and was continued 
on a permanent basis from the 1982 to 1983 season . 
Most of the publications about this species refer mainly to the 
results of opportunistic censuses (Aguayo 1971 , 1976, 1979; Aguayo 
and Maturana 1970; Aguayo et al. 1971 ; Bahamonde 1966; 
Schurholz 1975; Schurholz and Mann 1977; Torres and Aguayo 
1971 ; Torres et al. 1985) or to systematic studies (Repenning et 
al . 1971) ; historical reviews (Hubbs and Norris 1971); vocaliza-
tions (Norris and Watkins 1971); and parasites (Cattan et al. 1980). 
Various status summaries have been published (e.g . , IUCN 1981), 
including recommendations about protection (Torres 1980). 
HISTORY OF HARVESTING ______ _ 
Hunting of fur seals began a few years after Juan Fernandez 
discovered the islands of San Felix and San Ambrosio (1554), the 
archipelago that bears his name . While there are no figures for the 
size of the population in those days, Hubbs and Norris (1971) quote 
observations made by the navigator William Dampier who visited 
Robinson Crusoe Island between II March and 8 April 1683. He 
wrote: " . . . Seals swarm as thick about this Island , as if they had 
no other place in the World to live in ; for there is not a Bay nor 
Rock that one can get ashore on, but is full of them ... . Here are 
always thousands , I might say possibly millions of them, either sit-
ting on the Bays, or going and coming in the Sea round the Island; 
which is covered with them (as they lie at the top of the Water play-
ing and sunning themselves) for a Mile or two from the shore. " 
Four years later (1687), Captain Davies of the ship Bachelors 
Delight left men salting skins at the island (King 1954). This was 
the beginning of large-scale exploitation of fur seals at Robinson 
Crusoe Island. 
The navigator Philip Carteret visited Alejandro Selkirk Island be-
tween 1766 and 1769 and noted that "The seals were so numerous, 
that I verily think that if many thousands of them were killed in 
a night, they would not be missed in the morning ... " (Bonner and 
Laws 1964). 
Twenty-eight years later, hunting was at its peak there also. Hubbs 
and Norris (l971) and Pereira (1971) quote Captain Amasa Delano, 
who wrote: "When the Americans came to Mas-a-Fuero, about 
the year 1797, and began to make a business of killing seals, there 
is no doubt but that there were 2 ,000 ,000 or 3 ,000 ,000 of them 
on the island. I have made an estimate of more than 3,000,000 that 
has been carried to Canton from thence in a space of 7 years. I 
have carried more than 100,000 myself, and have been at the place 
when there were the people of 14 ships or vessels at the island at 
one time killing seals." Sealing on this scale reduced numbers to 
the extent that Captain Morrel in 1824 noted that Mas Afuera was 
an island "nearly without seals" . Table I summarizes the prin-
cipal details of exploitation between 1687 and 1898 . 
In recent years there has been some exploitation notably as a con-
sequence of the erroneous interpretation of the ambiguous text of 
Decree No. 183 of 15 June 1976, that lifted the indefinite prohibi-
tion for the hunting of the Juan Fernandez fur seal, replacing it by 
a "special prohibition". This meant that people could hunt as long 
as they had a permit from the administrative authority. That year 
the fishermen killed more than 300 animals . Now the law protects 
the species totally and indefinitely. Nevertheless, owing to the 
critical economic situation of the fishermen, some of these animals 
have been killed in order to trade or sell in exchange for food. 
Table I-Historical information on fur seal hunting at the Juan Fernandez 
Archipelago, San Felix and San Ambrosio Islands, from 1687 to 1898*. 
Year Hunter 
1687-90 Capt. Davies, ship 
Bachelors Delight 
1738 Pedro Le Guc 
1791 Capt. S. Crowell, 
brigantine Hancock 
1792 Capt. J. Roberts, 
frigate Jefferson 
1792 Capt. W. R. Stewart, 
ship Eliza 
1794 Capt. J. Colnen, 
corvene ROilier 
1797- 1804 Founeen ships 
from USA 
1798 Capt. D. Greene, 
frigate Neptune 
1798 Capt. D. Greene, 
frigate Neptune 
1798 Capt. E. Fanning, 
brigantine Betsey 
1798 Capt. Liscomb, 
frigate Maryland 
1798 Capt. G. Barney, 
frigate Barclay 
1798 Vessels Barclay 
Betsey and Neptune 
1800 Capt. W. Howell 
1800 Capt. Green. 
frigate Neptune 
1800 Capt. Folger, 
frigate Minerva 
1800 Capt. U. Swain 
frigate Mars 
1800 Capt. A. Delano 
1801 Sealer from USA 
1802 Capt. Briggs, 
frigate Arctic 
1802 Capt. H. Fitch, 
frigate Columbia 
1802 Capt. N. Storer, 
brigantine Sally 
1803 Capt. O. Fitch, 
whaler Lady Adams 
1805 Capt. Moulthrop, 
frigate Huron 
1807 Capt. C. Britnall, 
frigate Triumph 
1807 Capt. Morrell 
1824 Capt. Morrell 
1891 Capt. Gaffney 
1891-98 Senler Alfredo de 
Rodt 
1898 Foreign sealer 
Island 
Mas a Tierra 
Mas a Tierra 
Mas Afuera 
San Felix and 
San Ambrosio 
Mas Afuera 












Mas a Tierra 
and Mas Afuera 
Mas Afuera 











Mas a Tierra 
Mas a Tierra 
Number/Information 
Left men saling skins 
on the island 
Hunting of seals with 
various gangs of Indian 
sealers 
Hunted at Mas Afuera 
Obtained 13,000 skins 
Took 38,000 skins 
Obtained salt at the 
Galapagos, for hunting 
at San Felix and San 
Ambrosio Islands 
More than 3,000,000 
skins were taken 
15,000 skins; left a 
gang of seal hunters 







77 ,000 skins 
23,000 skins 
20,000 skins 
More than 50,000 seals 
A great number 
25,000 skins 
100,000 skins 





Trade poor; took some 
animals 
Island nearly without 
seals 
19 skins 
200-300 skins annuall) 
50 skins 
'Data from Vicuna (1883), Alben (1901), Allen (1942). King (1954). Cabrera 
and Yepes (1940), Hubbs and Norris (1971) and Pereira (1971). 
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POPULATION SIZE 
ANDTRENDS ______________________ ___ 
Census methods 
Censuses have been carried out from the shore and from fishing 
boats at sea. In the latter case binoculars were used. Large concen-
trations of seals were sometimes photographed and the resulting 
counts compared with the direct field count. Because seals are 
generally grouped in inaccessible places (rocks, caves, or small 
rocky beaches at the foot of cliffs) it is difficult to make accurate 
counts, and we estimate that at least 20% are overlooked. 
Size 
Based on the data in Table I, it is likely that the total population 
of A. philippii towards the end of the 17th century exceeded 4 million 
animals, After such drastic overexploitation, the population's 
recovery must have been very slow, especially since there was still 
some hunting at a local level. carried out by Alfredo de Rodt who 
obtained the lease of the Juan Fernandez Islands in 1877. 
For nearly 100 years the species was considered to be extinct 
(King 1964). The first information to the contrary was provided 
by Bahamonde (1966) who observed and photographed about 200 
animals at Alejandro Selkirk Island. In 1970 a complete census was 
carried out (Aguayo et al. 1971) which gave a minimum estimate 
of 750 animals. These and other data are summarized in Table 2. 
Only since the 1978-79 season has the census taken place in the 
middle of the reproductive period. 

























2 Dec. 65 
27 Jan. 66 
2 Nov. 68 
5 Mar. 69 
26 Mar. 69 
23 Feb. 70 
26 Jun. 70 
I Mar. 75 
15 Nov. 77 
28 Oct. 78-
27 Jail. 79 
14 Nov. 82-
20 Dec. 82 
6 Dcc. 83-



























































'Schurholz and Mann (1977) estimated about 380-400 fur seals on Alejandro 
Selkirk Island in 1975. 
Trends 
The 6,300 animals censused in the 1983-84 season represent a mean 
annual increase of 16.5 % since the census in the 1969-70 season 
and since the 1978-79 census, an increase of21.4% per year. Under 
continuing protection, particularly from the attention of fishermen, 
the population should continue to increase substantially, since much 
suitable terrain remains to be colonized. 
Influences 
The historical data summarized by Hubbs and Norris (1971) sug-
gest that nearly all the coastlines of the islands were full of animals. 
The survivors were presumably res~ricted to caves where they 
recolonized in places inaccessible to man. 
The census of 1969 at Robinson Crusoe Island (Aguayo and 
Maturana 1970) established that there were only two main colonies 
with an average of 75 animals and four secondary colonies with 
an average of 10.5 animals. In 1983-84 there were seven main 
colonies averaging 115 animals and eleven secondary colonies 
averaging 17.8 animals. 
At Alejandro Selkirk Island in 1979, there were only three 
colonies: the main one with 200 animals and two secondary ones 
with 12 and 35 animals, respectively. In 1983-84 there were 13 
colonies of 51-I ,003 individuals with an average of 332 animals. 
Food 
The original population, estimated in millions of animals, must have 
been sustained by substantial food resources, and it is unlikely that 
the present population is limited by food availability, although the 
original resources have been substantially depleted by commercial 
fisheries. 
Competitors 
In addition to fur seals, the early explorers reported enormous herds 
of southern elephant seals, Mirounga leonina, of which they gave 
precise descriptions and drawings as that published by Anson (1744). 
Elephant seals might have been important competitors for food and 
perhaps also for breeding space, but they are no longer found at 
Juan Fernandez Archipelago, although they could return in the future 
(Torres 1981). 
Subantarctic fur seals, Arctocephalus tropicalis, and Antarctic 
fur seals, A. gazella, are known only as vagrants at Juan Fernandez 
Archipelago at present (Torres 1983a; Torres and Aguayo 1984). 
Small cetaceans, especially dolphins, Tursiops sp., are still abun-
dant around San Felix and San Ambrosio islands (Aguayo 1975) 
and compete with the fur seals for fish and cephalopods. Other com-
petitors for food include large populations of seabirds, especially 
gadfly petrels, Pterodroma spp., on Juan Fernandez and the Desven-
turadas Islands. It is unlikely, however, that competitors for food 
with any of these will significantly retard the expansion of the fur 
seal population. 
The development of the fishing activities at Juan Fernandez and 
the Desventuradas Islands suggests that man is the most likely 
serious competitor. At present there is practically no control over 
catching fish and lobster, Jasus frontalis, and continued over-
exploitation could have adverse effects on the fur seal population. 
During the 1978-79 season when there was a scarcity of mackerels, 
Trachurus symmetricus and Caranx longimanus, the fishermen 
blamed the fur seal for the decrease of these fishes. Paradoxically, 
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at present, with a larger fur seal population, the fishermen are not 
complaining of the scarcity of fishes. 
Predation 
Man is still the principal enemy of fur seals, and illegal hunting 
by fishermen could increase if their economic position deteriorates 
further. Information on natural enemies is based only on anecdotal 
observations or reports by fishermen. These indicate that sharks, 
Prionace glauca and possibly Charcharodon, attack seals, especially 
the young animals. Killer whales, Orcinus orca, and leopard seals, 
Hydrurga leptonyx, could also be potential predators; however, the 
latter is rarely seen at Robinson Crusoe Island (Torres and Aguayo 
1971). 
Survivorship 
The only data available are for pup mortality, which was 8.2% at 
Alejandro Selkirk Island and 4.5 % at Robinson Crusoe Island in 
1983-84. In addition to the normal causes of death, some adults 
and pups appear to be afflicted with congenital blindness which is 
linked to abnormal pelage coloring. Nearly all juveniles or adults 
with this abnormality are males. 
REPRODUCTION __________ _ 
Reproductive activity at the Juan Fernandez Archipelago extends 
from the second week of November to the end of January. The peak 
of pupping occurs during the last week of November and first week 
of December. 
In 1979 the average density of animals per hectare, excluding 
the harem zones, was 386± 157 with a maximum of 500 per hec-
tare. An area of 36 m2 per harem was calculated, with an average 
of four females per male (Torres et a1. 1985). During the reproduc-
tive peak, the females form aggregations in which it is difficult to 
distinguish individuals of one harem from those of another. At such 
times females are separated by 30-40 cm. 
GROWTH _____________ _ 
The mean standard length and average weight of newborn pups at 
Alajandro Selkirk Island in November 1982 was as follows: males 
68.2 cm and 6.9 kg (n= 130); females 65.4 cm and 6.2 kg (n= 129) 
(Torres 1983b). At about one month of age, in December 1983, 
the values were: males 71.8 cm and 7.3 kg (n=84), females 69.6 
cm and 6.6 kg (n= 104). 
At Robinson Crusoe Island in January 1984, weights and measure-
ments at about 2 months of age were: males 77.5 cm and 16.2 kg 
(n =38); females 75.2 cm and 10.0 kg (n =44). Standard lengths 
of adult males are about 2.10 m and of females about 1.50 m. 
Reliable weight data are unavailable. 
FOOD __________________________ _ 
According to the fishermen, this fur seal feeds on various species 
of fish, squid, and lobsters. In ttie stomachs of animals that have 
died of natural causes, we have found only cephalopod beaks: 
Dosidicus gigas, Octopotheuthis sp., Tremoctopus violaceus (Torres 
unpubl. data), Todarodes filippovae, and Moroteuthis banksii 
(Castilla 1981). 
CURRENT RESEARCH ________ _ 
In the 1982-83 season a program involving tagging pups and a 
regular population census was started. The use of immobilization 
techniques (Cardenas 1984) should enable additional data to be ob-
tained from live animals . Most research will be directed toward 
acquiring behavioral and ecological information of relevance to the 
continued effective protection of this vulnerable species . 
GENERAL RECOMMENDATIONS _____ _ 
During the 54th Meeting of the Survival Species Commission of 
the International Union for the Conservation of Nature and Its 
Natural Resources (IUCN) , Torres (1980) made the following new 
proposals for a more effective protection of the Juan Fernandez 
fur seal. These are still valid and , with certain modifications, urgent-
ly need implementation: 
I. Maintain indefinitely the legal protection contained in the 
Supreme Decree No. 128, dated 29 May 1978. 
2. Assure the permanence of the scientific investigations with 
the support of the national and regional authorities (e.g . , Instituto 
Antartico Chileno and Corporacion Nacional Forestal). 
3. Give information and previous basic training on conservation 
to authorities and officers (subordinates) who will perform their 
duties at the archipelago . 
4. Instruct the personnel of the Armed Forces who may perform 
duties in any part of the range of the species. 
5. Establish regular patrols with personnel of CONAF and 
Carabineros de Chile, when it is opportune, in the concentration 
and reproduction areas of the fur seals . 
6. Maintain periodic inspections of ships and planes proceeding 
from the archipelago (and from San Felix and San Ambrosio) and 
establish a custom house at Robinson Crusoe Island. 
7. Increase the number of game wardens (especially in Mas 
Afuera Island) to keep guard on piers and airports of the archipelago. 
8. Establish new ares of prohibitro access, especially in those 
zones where new reproductive colonies have established. 
9. Construct a small scientific base at Alejandro Selkirk Island. 
If these recommendations were folJowed, the fur seal populations 
of the Juan Fernandez Archipelago, San Felix and San Ambrosio 
Islands could reach a greater increase, becoming a potential 
resource. The advantage of having progressed in the study of its 
bio-ecology obviously assures the adequate future management of 
these populations . 
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INTRODUCTION __________ _ 
The Guadalupe Fur Seal, Arctocephalus townsendi, is the only mem-
ber of the genus Arclocephalus which is found north of the Equator. 
This account describes the major features of the population biology 
of the species , synthesizing the results of research carried out dur-
ing the breeding seasons of 1975, 1976, and 1977 in Guadalupe 
Island, at the only breeding place of the species. This account relies 
heavily on the population data recorded by Fleischer (1978) ; 
behavioral aspects of the species are described by Pierson (1987) . 
HISTORY OF HARVESTING ______ _ 
As for other fur seal species, there is a scarcity of information on 
the abundance of the A. townsendi population prior to and during 
the large-scale commercial sealing. However , dates engraved on 
the remaining stone walls of the sealing station ruins on Guadalupe 
Island indicate at least nine visits to Guadalupe by sealers between 
1834 and 1881 , by which time this population, as well as other 
marine mammal populations, was commercially depleted and was 
almost biologically extinguished . 
There are also records of early sealing during the initial settling 
of California by North Americans (Scammon 1874; Allen 1899; 
Townsend 1899), which suggest that exploitation of the species may 
have started on islands off Baja California, Mexico, just before the 
end of the 18th century . The fur seals inhabiting the rookeries of 
Guadalupe Island were slaughtered during the early 19th century, 
principally in the first two decades (Townsend 1899; Hubbs 
1956a,b) , and the last reported catch was in 1894, by which time 
the population had nearly been exterminated (Hubbs 1956b). 
Table 1 summarizes the available published records of fur seals 
taken on Guadalupe and San Benito Islands from 1834 to 1894 
(Townsend 1899; Hubbs 1956a) which permit a reconstruction of 
the exploitation . According to these reports, the total number of 
fur seals killed during this 60-year period was 6,644. Because of 
the competitive trade and secrecy of the sealers , however, there 
is not a complete data set of the captures and it is only possible 
to average the yearly captures from 1877 to 1894, yielding a value 
of 365 fur seals for those islands only. 
Hubbs (1956a) proposed an estimate of the original population 
of Guadalupe Island of at least 200,000 fur seals. However , based 
on the available information, Fleischer (1978) proposed a much 
lower estimate of only 20 ,000. At present , the Guadalupe fur seal 
is completely protected by Mexican laws, and in 1975 Guadalupe 
Island was declared a sanctuary for pinnipeds by the Mexican 
government because of the presence of the fur seals and two other 
sympatric pinnipeds, the northern elephant seal (Mirounga angusti-
rostris) and the California sea lion (Zalophus californianus) . 
POPULATION SIZE 
AND TRENDS ___________ _ 
As shown in Table 2, the largest number ever recorded in the recent 
history of A. townsend; was 1,073 fur seals counted in 1977. This 
figure is based on direct counts made at breeding time on the east 
side of the island , the only portion which they inhabit at present. 
For this survey direct counting methods were used , which were 
adequate for a small population like A. townsendi . 
Furthermore, the data produced by the three different types of 
surveys (simultaneously counting by vessel, by small boat [outboard 
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engines], and by walking on the shore), provided a way to correct 
the values of other routine counts and to derive a correction factor 
applicable for future censuses. The method is based on an Inverse 
Prediction Technique, which is fully discussed in Fleischer (1978). 
The highest recent count of this species is presented by age and 
sex in Table 3. The different results obtained by the use of differ-
ent census methods indicated a significant error in the numbers ob-
tained by boat and vessel surveys. These counts yielded only half 
of the total numbers of animals observed on foot surveys and thus 
extremely biased results for the number of pups present at the study 
areas. 
This table can also be used to analyze the composition of stock 
of the Guadalupe fur seal herd, which is compared with the data 
collected in 1976, when only a portion of the entire breeding range 
was successfully censused (Table 4). The herd composition was 
similar in both 1976 and 1977; mature females formed the largest 
component in both seasons and the female/male ratio was also 
similar. Estimated pup production was 0.50 and 0.58 pups per 
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Notes 
No data exist but dates are chiseled into the walls of the ruins in Guadalupe Island. 
Report is incomplete but mentioned presence of pups. 
Reported take by several boats. 
Kathgard reported 15 taken and 1,000 taken by other boats. 
They worked in both places. 
Reported pups being born in the middle of June. Also big concentrations of fur seals 
in the rookeries of the west side, about 600--700 seals together. 
Reported about 3,000-4,000 seals alive and breeding in June-July. Also reported 
sightings of the fur seals 100 mi west of Guadalupe. Chase noted the presence of 
fur seals all year around. 
No data exist but date is chiseled into the walls of the ruins of Guadalupe Island. 
Reported 4,000 fur seals alive. Wentworth took half and other boats broke up the 
rookery. 
No fur seals reported due to bad weather. 
Niles made six trips to Guadalupe, reported 2,000 fur seals alive with many pups. 
Saw only five alive. 
Reported three harbor seals. 
Saw only four alive. 
Statement by Hunt. 
Only seven pups were seen. 
Reported no seals left. 
One killed but not secured. Seven were reported about I mi from the island. Town-
send collected four skulls on west side of island. 
female over the entire colony in 1976 and 1977, respectively, and 
0.62 and 0.65 pups per male for those years. 
The data in Table 2 suggest that Guadalupe fur seal numbers are 
increasing (Fleischer 1978); however, this might only reflect a 
redistribution of the existing population. Furthermore, census in-
formation available prior to 1977 is not fully comparable because 
of the different census methods used by other researchers. 
At present, the stock is scattered along the east side of the island 
(Fig. 1) where a small amount of expansion and colonization has 
taken place. The species may also be recolonizing parts of its 
historical range (Fig. 2), especially at San Miguel Island (R. 
DeLong, Natl. Mar. Mammal Lab., NatI. Mar. Fish. Serv., NOAA, 
Seattle, WA 98115, pers. commun.) and San Nicolas Island (Stewart 
et al. 1987). The scattered stock on Guadalupe Island includes a 
high concentration of mature animals near the place called Nursery 
and a concentration of juvenile fur seals near Lobster Camp (Fig. 
I). Considering historical information on the fur seal distribution 
on the island and the seal's preference for a rocky habitat, space 
Table 2-Census (all sources) of Guadalupe fur seal, 1954-77 (from Fleischer 
1978). 
Field party or observers Date Total 
C. Hubbs. W. Sefton, E. Arebalo November 1954 14' 
C. Hubbs, V. Scheffer June 1955 30-35 
R. Gilmore December 1955 70-75 
R. Gilmore June 1956 92 
C. Hubbs, G. Ewing, J. Berdegue August 1956 30 
C. Hubbs et a!. August 1956 71-76 
J. Berdegue February 12, 1957 107 
C. Hubbs et aI. October 24-31, 1957 134 
D. B. Lluch, M. Pilson February 1964 240 
D. B. Lluch, M. Pilson, L. Irving November 1964 252 
D. Rice, W. Kenyon, D. Lluch January 1965 285 
D. Rice, W. Kenyon, D. Lluch March 1965 211 
C. Hubbs April 1966 372 
R. Peterson et aI. May 1967 198 
R. Delong October 1967 149 
R. Brownell et aI. April 1968 148 
R. Brownell, R. Delong, R. Schreiber June 1968 314 
L. Fleischer, M. Pierson December 1971 
R. S. Paterson January 1975 254 
M. Pierson, C. Cox, L. Fleischer June-July 1975 80 
L. Fleischer, D. Margetts June-July 1976 355 
M. Pierson, B. leBoeuf et aI. February 1977 470 
L. Fleischer, M. Pierson, M. Riedman June-July 1977 1073 
'Rediscovered the Guadalupe fur seal. 
"This trip saw only a few females and pups. 
is not a major factor affecting overall population growth, contrasting 
significantly with the two other sympatric pinnipeds on the island. 
The marine habitat of this fur seal is favored by upwellings (Hubbs 
1948, 1960) which presumably provide sustained food resources. 
Although there is no information on the food preferences of this 
species, it is unlikely that food availability or competition with other 
marine mammals in the area is limiting population growth. 
There are no land predators of the fur seals at Guadalupe, but 
there are major predators around the area, such as the great white 
shark (Carcharodon carcharias). Cyclonic storms also seem to be 
a source of significant pup mortality, but no pup mortality estimates 
have been made. 
REPRODUCTIVE PARAMETERS ______ _ 
Because of the species rarity and the need to avoid disturbance to 
breeding colonies, there is only anecdotal information available. 
Discovery of a dead female in 1976 which measured 137.67 cm 
and had a living non-molted pup at her side, was indication that 
she at least was a sexually mature animal. The carcass was too 
decomposed for examination of the ovaries. 
A naturally marked male animal (lacking a left hind flipper) was 
photographed for the first time in 1968 breeding in a cave on the 
east side of the island, and subsequently reidentified at the same 
location in 1975 and 1976. This suggests that it was reproductive-
ly active for at least 9 years and indicates a strong site fidelity. 
REPRODUCTIVE ECOLOGY ______ _ 
Pupping occurs in the summer from 15 June reaching a peak around 
21 June. The last pups born were seen on 22 July 1976 and 17 July 
1977 (Fleischer 1978). 
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Table 3-Total counts of various types of surveys of Guadalupe fur seals Arcta-
cephalus townsendi, 1977 (from Fleischer 1978). 

















Male Female adults niles Pups 
326 412 23 70 204 
305 382 22 79 205 
254 215 6 44 11 
279 163 40 31 27 
257 197 8 26 13 
Table 4-Stock composition of Gua-
dalupe fur seal Arctocephalus town-
sendi based on censuses of 1976-77 
(modified from Fleischer 1978). 
Percent 
1976 1977 
Mature maJes 25 30 
Mature females 28 38 
Pups J6 19 
Juveniles 4 7 
Subadults 20 2 
Unidentified 6 4 
plus in the water 
TOTALS 355 1,073 
Ratios: 
Females/males 1.12 1.26 
pups/females 0.85 0.50 
















Mature bulls showed much aggression, and several males were 
observed with scars and severe body injuries as a result of terri-
torial fights. Males exhibited sexual interest in females from mid-
June until we left the island in late July. Two copulations were 
observed; one in 1976 lasted 15 minutes and one in 1977 only 5 
minutes. In the central part of their breeding range, the spacing 
of territories averaged 19.8 m apart. 
GROWTH AND FOOD ________ _ 
No information is available on growth rates of A. townsendi pups. 
Table 5 presents measurements and estimated weights of available 
Guadalupe fur seal specimens. 
Nothing is known of the diet of A. townsendi. It is assumed to 
prey on different types of fish, and a squid beak was reported in 
a vomit (M. O. Pierson, Inst. Mar. Stud., Univ. Calif., Santa Cruz, 
































~ Islate Zapata 
Figure i-Present distribution of Guadalupe Fur Seal breeding population (Summer 1977). 
Dotted line indicates area occupied by Arc/ocephalus /ownsendi (from Fleischer 1978). 
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Figure 2-Historic range of Arctacephalus townsendi (from Fleischer 1978). 
Table 5-Measurements of the Guadalupe fur seals taken in 1976-77 (from 
Fleischer 1978). 
Newborn pup 
Male adult' Femaleb (nonmolted) 
Measurements 1977 1976 1976 
Standard length (em) 193.04 137.16 
Curvilinear length (em) 196.85 57.15 
Anterior length 58.42 34.29 21.59 
front flipper (em) 
Anterior length 39.37 26.67 16.51 
hind flipper (em) 
Axillary ginh (em) 125.73 
Thickness of blubber (em) 3.81 not present 
Estimated weight (kg) 160-170 45·55 
'Measurements were taken during the autopsy of the dead specimens found on 
24 June 1977 and 19 July 1976. 
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HISTORY OF HARVESTING ______ _ 
Fur seals, Arctocephalus jorsteri, were first taken commercially 
in New Zealand in 1792-93, when a gang working out of Dusky 
Sound, Fiordland, took 4,500 skins (McNab 1907). Sealing in the 
New Zealand region (including New Zealand, Stewart Island, 
Chatham Islands, and the New Zealand subantarctic islands: Anti-
podes, Auckland, Bounty, Campbell, Macquarie, and Snares 
Islands) did not begin in earnest until 1803, following the decline 
of the Australian Bass Strait seal fishery. The New Zealand seal 
fishery then expanded rapidly with the discovery of the Foveaux 
Strait sealing grounds and the New Zealand subantarctic islands 
with their extensive fur seal colonies (Fig. 1). Harvesting was in-
discriminate and the resident fur seal populations were soon 
depleted. The New Zealand seal fishery was nearly over by 1812; 
few sealers were working the New Zealand region after 1830 
(Wilson 1974a). 
The sealing trade was very competitive and, as a result, shrouded 
in secrecy. Figures for skins taken and the recorded localities from 
which they were collected are often inaccurate, misleading, or 
nonexistent. However, available records indicate that hundreds of 
thousands of skins were taken from the region. It was not unusual 
for individual gangs to return with 15,000 or more. One gang alone 
took 60,000 skins from the Antipodes Islands in 1804-05, and dur-
ing one season prior to 1815, over 100,000 were reported taken 
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Figure I-Islands within the New Zealand region wbere New Zealand fur seals 
bred historically, or are found now. 
from Macquade Island (McNab 1907). Fur seal populations could 
not sustain such intense harvesting pressure and soon collapsed. 
Fur seals were exterminated at the Antipodes Islands and nearly 
so at the Bounty Islands (Sorensen 1969b; Taylor 1982). None were 
seen at Macquarie Island during a visit by Captain Bellinghausen 
in 1820 (McNab 1907), and Captain Morrell of the Antarctic 
reported no fur seals at either the Auckland or Snares Islands in 
January 1830 (Morrell 1832) . 
The fur seal fishery was officially closed by the New Zealand 
Government in 1894. Restricted licenses were issued between 1913 
and 1916, and again in 1922-24 for Campbell Island only . The 
number of fur seals taken during the former season is unknown, 
but 350 of a pennitted 400 were taken from Carnpbellisiand dur-
ing the latter (Sorensen 1969b). The fishery opened for the last time 
in 1946 when, after complaints from the local fishing industry that 
fur seals were severely depleting the fish stocks, an open season 
from I June to 30 September was approved for parts of southern 
South Island, Steward Island , and surrounding islands . No restric-
tions were placed on age or sex of seals killed, and 6,187 were 
taken (Sorensen 1969a,b) . 
The New Zealand Marine Mammal Protection Act of 1978 now 
gives total protection to all marine mammals within New Zealand 
and New Zealand's 200-mile exclusive economic zone . 
POPULATION SIZE 
ANDTRENDS ______________________ ___ 
Changes in the size and distribution of the New Zealand fur seal 
population are difficult to quantify because of lack of regular and 
comparable census data. Fur seal numbers appear to be increasing 
(Sorensen 1969a; Stonehouse 1965; Taylor 1982; Wilson 1981), 
though Gaskin (1972) cautioned that at the time any apparent in-
crease might have been due to a redistribution of the existing 
population. 
The most comprehensive population size estimate for New 
Zealand fur seals within the New Zealand region is 39,000 (range: 
30,000-50,000; Wilson 1981; Table 1). This figure is based on direct 
counts made at colonies between November 1971 and February 1974 
and, where necessary, previously published estimates. Counts were 
made either from the beach, vantage points overlooking individual 
colonies, or from boats offshore . Count accuracy was estimated 
in the field and a population size range calculated. Detailed popula-
tion estimates had previously been made at some colonies (Crawley 
1972; Stirling 1968; Wilson 1974a). These data were used by Wilson 
to adjust his counts for time of year, time of day, and weather con-
ditions. Estimates were thus standardized and are for the total New 
Zealand region as of January-February 1973. 
More recently, Taylor (1982) gave an estimate of 16,000 fur seals 
at the Bounty Islands based on direct counts, estimates of pup pro-
duction, and published population parameters of other fur species. 
This is three times the estimate made by Falla as used by Wilson, 
and increases Wilson's estimate for fur seals within the New Zealand 
region to about 50,000. 
~UENCES ______________________ __ 
Space and competitors 
Considering the probable pre-exploitation population size, space 
is not a major factor affecting overall population growth. The same 
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Table I-Estimates of population size of the New Zealand fur seal within the 
New Zealand region, from Wilson (1981). The New Zealand mainland con-
sists of North and South Island, Steward Island, Solander Island, and 
Ruapuke Islands. 
Locality 












































1,800·2 ,700 Wilson 1981 
30,000-50,000 Wilson 1981 
can probably be said for food. New Zealand fur seals feed primarily 
on squid, octopus, and fish (Street 1964). Although New Zealand 
supports a large commercial squid fishery , there is no indication 
that squid stocks are being severely reduced. Fur seals in New 
Zealand have few natural competitors, the most obvious being other 
seal species, pelagic school fish, and small whales which may com-
pete for the same food resources. Man also competes with seals 
for squid and fish, but there is no indication that this is having any 
appreciable effect on fur seal numbers. 
Predation 
Fur seals within the New Zealand region have no natural terrestrial 
predators. At sea, they are subject to predation by sharks and killer 
whales, Orcin us orca, (Mattlin 1978a). Fur seal pup remains have 
been identified in the stomach contents of a male New Zealand sea 
lion, Phocarctos hookeri, collected at the Snares Islands (M . W. 
Cawthorn, Fish. Res. Div., Wellington, pers. commun.). 
Some are caught and drowned accidentally in both trawls and 
set-nets during commercial fishing operations, but the numbers in-
volved appear to be few and probably are insignificant to the overall 
population size . 
Survivorship 
Pup mortality is about 20% from birth to age 50 days and 40% 
from birth to about age 300 days (Mattlin 1978b) . There are no 
data on postweaning survivorship . Maximum ages determined thus 
far, based on growth layer counts of canines, are 15 years for males 
(n= 14) and 14+ years for females (n=6; Mattlin 1978a) . 
REPRODUCTIVE PARAMETERS _______ _ 
Gross examination of ovaries collected from six females aged 4-12 + 
years suggests that females can bear their first pup by age 5 years 
(Mattlin 1978a). There are no additional data on age-specific 
reproduction in females. 
Bulls probably attain territorial status at about age 10 years 
(MattI in 1978a). This is based on a collection of 10 territorial and 
nonterritorial bulls collected at Taumaka, Open Bay Islands, from 
October 1974 to November 1975. 
REPRODUCTIVE ECOWGY -------
Live births occur on the Open Bay Islands from mid-November 
through late December, with a mean pupping date of9-1O December 
(Mattlin 1981; Miller 1975a). About 77% of births recorded dur-
ing the 1970-71 breeding season occurred over the 22-day period 
from 29 November to 19 December (Miller 1975a). 
Females are intolerant of other females, and tend to keep a 
minimum distance of about one body length apart. 
The average ratio of territorial bulls to pups was 1:5 on the Snares 
Islands in 1970 (Crawley and Wilson 1976), I :6.1 on the Open Bay 
Islands in 1970-71 (Miller 1975a), and 1:7.3 on the Open Bay 
Islands in 1974-75 (MattI in 1978a). 
Females remain with their newly born pup for about 9 days (range: 
6-12 days) before going to sea to feed for the first time. Early feeding 
trips are for 1-5 days, though subsequent trips are progressively 
longer as the pups grow older (McNab and Crawley 1975; Miller 
1975a). Time spent ashore between the early feeding trips is about 
2-7 days (Miller 1975a). Females suckle their pups for about 300 
days, after which they leave the rookery for what is presumed to 
be an extended feeding trip prior to returning to the rookery to give 
birth (Crawley and Wilson 1976; Mattlin 1981). 
GROWTH _____________ _ 
At Open Bay Islands, males have an average birth weight of 3.9 
kg (range: 3.25-4.60 kg, n=7), females 3.3 kg (range: 2.75-3.80 
kg, n=8; MattI in 1981). Growth is greatest within the first 55-60 
days following birth, with weight gains of 45-74 g/day for males 
and 46-61 g/day for females, depending on year (Crawley 1975; 
Mattlin 1981). From birth to 240 days, both sexes gained about 
24 g/day (Crawley 1975). The average weight at age 290 days for 
88 males was 14.1 kg (SE ± 3.7 kg) and for 79 females 12.6 kg 
(SE±3.5 kg; Mattlin 1981). 
Adult males may reach 180-200 kg in body weight (Crawley and 
Wilson 1976; Miller 1975b). The heaviest known recorded weight 
for a male is 154. J kg, for a IO-year-old taken at Taumaka, Open 
Bay Islands in 1975 (Mattlin 1978a). By contrast, the heaviest known 
recorded weight for a female (minus foetus) is 49.2 kg for a 
12+-year-old collected in 1975 at Taumaka (Mattlin 1978a). 
FOOD ______________ _ 
New Zealand fur seals feed mainly on cephalopods and fish, though 
they are known to take penguins, particularly at the subantarctic 
islands (Bailey and Sorensen 1962; Street 1964). Stomach contents 
of 64 fur seals collected from the east coast, South Island, con-
tained 28.8 % octopus, 23.9% squid, 38.1 % barracouta (Thyrsites 
atun), and 9.2 % other fish by weight (Street 1964). There are few 
data on the quantities consumed in the wild, though Street calculated 
an average of9-1O pounds (4.1-4.5 kg) per meal based on his study 
of stomach contents. New Zealand fur seals held in captivity at 
Napier Marineland, Napier, are fed on a diet of mixed fish and 
squid. Large bulls are fed up to 10 kg per day, large females up 
51 
to 7.5 kg per day, and small females and immature individuals up 
to 2.5-3.0 kg per day (K. Newcomb and R. MacDonald, Napier 
Marineland, pers. commun.). 
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INTRODUCTION __________ _ 
Resident fur seals inhabiting southern Australia have only recently 
been recognized as two alJopatric species : Arctocephalus pusillus 
doriJerus , the Australian fur seal in the southeast, and A. Jorsteri , 
the New Zealand fur seal in the west (King 1969; Repenning et 
a!. 1971). Soon after the discovery of seals in eastern Bass Strait 
by Matthew Flinders in 1798, sealing gangs set out to exploit these 
herds. Over the next 40 years, sealing took place along the entire 
southern coast of Australia as far west as the islands of the Recherche 
Archipelago off southern Western Australia. 
Both fur seals and sea lions (hair seals) , Neophoca cinerea. were 
exploited. The pelts were landed at either Hobart or Sydney for 
transshipment, or were taken directly by British or American seal-
ing vessels to Europe or the Orient. 
Records are therefore exceedingly difficult to analyze to give a 
true picture of the extent of the harvest or the pristine state of the 
seal populations. Indeed, the exact identity of the species taken can 
only be surmised. We know from Flinders (1814) , a most percep-
tive observer, that hair seals and fur seals inhabited eastern Bass 
Strait in 1798. We can only assume, however, that the fur seals 
then were the same species as. and occupied a similar range to, 
the resident species today. Sea lions now occur only west of Bass 
Strait. 
mSTORY OF HARVESTING _______ _ 
Though not exhaustive. secondary sources of information pertain-
ing to seal skin cargoes landed by vessels in Hobart or Sydney 
between 1804 and 1834 reveal that at least 70,400 fur seal skins 
were taken from Kangaroo Island, South Australia , and possibly 
other islands west of Bass Strait (Fig . 1) . There is no evidence to 
suggest that the harvesting was anything but indiscriminate. 
By contrast , the same sources show that at least 143,000 fur seal 
skins were taken from southeastern Australia and some 300,000 
from Macquarie Island and other subantarctic islands. 
It is imeresting, therefore, to compare the currently estimated 
sizes of the A. p. doriJems and A. Jorsteri populations in their respec-
tive ranges: 20,000 and " several thousand" (Warneke 1982). 
Abbott (1979) says that there are only 400-500 A. Jorsteri in Western 
Australia, and my estimate is that several thousand inhabit South 
Australia . 
DISTRIBUTION ___________ _ 
The New Zealand fur seal occurs on offshore islands in South and 
Western Australia (Fig. 2). There are no known mainland colonies. 
The largest colonies currently appear to be at Cape du Couedic at 
the western end of Kangaroo Island and the South Neptune Islands 
at the foot of Spencer Gulf, where up to a thousand fur seals haul 
out. In addition, there are many other sites where smaller numbers 
ranging from about a dozen to (rarely) a few hundred fur seals have 
been recorded. But the exact status of any of these colonies is not 
presently known because detailed research is not now being under-
taken. Likewise. interchange between haul-out sites over long or 
short distances, e.g . , South Australia to Western Australia, has not 
been investigated by tagging experiments . 
Warneke (1982) cites historical evidence that the New Zealand 
fur seal extended to the Furneaux Group in eastern Bass Strait, 
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Figure l-Cargos of seal skin from Australasian sealing grounds) 1792-1834 (from various sources). Only the Kangaroo Island figures are relevant to this report. 
Western Australia A. Jorsteri has declined in range and abundance, 
being now extinct between Cape Leeuwin and Eclipse Island (Abbott 
1979). Thus there has been a contraction of the range of this species 
which now extends from the Recherche Archipelago to western Bass 
Strait. 




ANDTRENDS ______________________ ___ 
The total Australian population of A. Jorsteri is estimated to be about 
5,000 or less. 
The only regular censuses in recent years have been carried out 
at Cape du Couedic at the western end of Kangaroo Island. Fur 
seals haul out on a rocky platform below the cliffs near the Cape 
and can also be seen on the landward side of the innermost of the 
two Casuarina Islets 300 and 2,000 meters SSW of the Cape. Al-
though regular counts have not been made in recent years, trends 
are indicated in Figure 3. Fur seals hauling out during the period 
of the regular counts (1975-78) consisted mainly of either immature 
animals or females. A few males were seen, as were some small 
black pups, but no attempts were made to carry out classified cen-
suses; only crude totals were recorded. 
As recently as March and again in June 1983) several small black 
pups were seen being suckled and a number of mature bulls were 
also observed. No fighting or other manifestation of territorial 
behavior was apparent. (The breeding season is believed to be in 
December and January.) Their average size was such that the vast 
majority of fur seals could have been either immature animals of 
either sex or mature females. 
Nevertheless, April 1983 is the first time suckling females and 
adult bulls have been seen at Cape du Couedic in such numbers 
as to suggest that this area may be assuming the status of a breeding 
site. It has been previously suggested that it may be the site to which 
immature animals disperse, driven away from a breeding site (possi-
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Figure 3-New Zealand fur seal counts at Cape du Couedic, Kangaroo Island, South Australia: 1975-78. Actual counts 
made only where shown by dots. 
These are extremely recent or short-term changes. It cannot be 
inferred that they represent any long-term population trends or in-
deed did not occur previously even on several occasions. Moreover, 
the Cape Du Couedic population should not be regarded in isola-
tion from the other presumed majGT breeding site at the South 
Neptunes. 
These very crude data merely confirm that much more exten-
sive, intensive, and expensive study needs to be carried out before 
the basic population questions can be answered. Thus, some perti-
nent information on A. Jorsteri in southern Australia is unavailable 
at present. 
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HISTORY OF HARVESTING --------
The following picture emerged from consulting Swales (1956) and 
Wace and Holdgate (1976). Discovered in 1505, Gough Island 
showed no clear evidence of any previous human visitors. Marine 
life, including elephant seals ("sea lions as large as oxen"), fur 
seals ("sea-wolfs"), and whales, was extremely abundant (at the 
Tristan group) and was commented on by visitors between 1655 
and 1696. 
American sealers commenced operations at Tristan da Cunha itself 
in 1790 when John Patton of the vessel Industry spent nine months 
obtaining 5,600 fur seal pelts. Sealing gangs lived on the islands 
for considerable periods, clubbing and skinning the fur seals and 
salting the pelts for later collection by their company's vessels en 
route to the Northern Hemisphere markets in America, Europe, 
and China. A gang often men discovered by HMS Nereus on Gough 
Island in 1811 had been there for 18 months, and may have taken 
some 1,100 fur seal skins that year. After about 1820 fur sealing 
in the islands declined due to overexploitation of stocks. By 1829 
it was remarked that Gough Island' 'used to abound in seal ... but 
they have now sought more distant resorts". 
A resurgence of sealing took place between 1860 and 1890 at 
the Tristan islands. In 1881, 151 skins were taken, probably all 
from Gough Island, but a party which spent 18 months there in 
1888-90 took only 311 fur seals (and one elephant seal). A second 
party in 1891-92 found the seals were so reduced in numbers that 
the industry ended. Sealing up to this point was indiscriminate. 
Since 1892 the fur seals have remained virtually undisturbed. In 
several years (four, perhaps more) before 1955-56, and coinciden-
tal with the start of commercial crawfishing operations in 1951, 
up to 400 fur seals were taken illegally each year. This sealing was 
not indiscriminate, but concentrated mainly on immatures of both 
sexes. Since then a few hundred (?) have been taken by the fishing 
company under permit from the Tristan Administration. 
It is impossible to make a reasonable estimate of the total num-
bers of seals taken since 1790 from the island(s) during the course 
of sealing activities. 
From November 1977 to October 1978, 74 adult males, 75 adult 
females, 41 immature males, 16 immature females, and 14 pups 
(9 males + 5 females) were culled as part of a research program. 
POPULATION SIZE 
AND TRENDS ___________ _ 
Fifty-three percent of the approximately 41 km coastline was counted 
during the 1977-78 summer by two observers searching for pups 
on foot using direct methods, and the remaining seals were counted 
by a single observer from elevated vantage points on and behind 
beaches prior to pup searches. All the seals counted were allocated 
to the following categories: adult males (AM), adult females (AF), 
immatures and subadults of both sexes (SUB), unclassified (UNCL), 
and pups. 
Seals on the idle, nonbreeding, and breeding colony sites (Bester 
1982) were counted during the peak haulout and immediately 
thereafter (20 December to 3 January). Established breeding colony 
sites were counted after the pupping season when pups were still 
confined to the beaches (29 January to 5 February). The following 
count corrections were made: 
I. Fur seal numbers on three inaccessible beaches within the cen-
sus area were estimated according to the numbers on two other sites 
similar in area and topography. 
2. For four beaches not revisited during 1977-78, the 1975-76 
counts (Bester 1980) were used. 
3. The reduced number of adult males that were counted after 
the pupping season on breeding colony sites were adjusted upward 
according to the known amount of post-breeding season decrease 
(72 %) on other breeding colony sites (Bester 1981). 
4. Pup counts (representing the total number of pups born on 
all beaches counted) were corrected for undercounting (33 %). The 
correction was based on counts made before and during an ex-
haustive search of pups for tagging on each of two breeding colony 
sites, which were physiognomically typical of the beaches where 
only pups were counted. 
5. On established breeding colony sites where only pups were 
counted, adult male numbers were calculated using the formula pup 
numbers/male:pup ratio (the latter ratio was I :6.6 using corrected 
pup counts; Bester 1977). Female numbers were estimated from 
corrected pup counts (females normally bear only one pup). On 
breeding colony sites (December) actual counts of females were 
used only when they exceeded the total number of pups born there. 
6. A population figure for the whole island was calculated through 
extrapolation from the censused east and southwest coast sectors. 
The southwest coast resembled the uncensused northwest side 
physiognomically and biologically (both sectors were popular pup-
ping sites; Swales 1956; Bester 1982). The northwest and south-
west coasts form respectively 31.0 and 19.3% of the total coast-
line (ratio 1.61: I). Similarly, the eastern sector resembled the 
northeastern sector in being frequented by nonbreeders (Swalt:s 
1956; Bester 1982). These areas formed respectively 34.0 and 
15.7% of the total coastline (ratio 1:0.46). 
7. The numbers of non-pregnant females, and year-old seals 
which were absent from the island during the breeding s.:ason 
(Bester 1981) were estimated by assuming a pregnancy rate of 
86.0% (from A. gazella, Payne 1977) and a mortality rate of23.9% 
to I year of age (the mortality rate of A. gazella at South Georgia 
in 1976-77). The use of A. gazella values is based on a similar rate 
of annual increase, 15.9 %, in the two species. 
8. Observations since 1974-75 showed a pup mortality figure of 
10% by the end of January and this figure was subtracted from the 
population estimate. 
The extrapolated population size during January/February 1978 
is shown in Table 1 (Bester 1980). 
Using pup counts, and the expression Nt = Noe rt (Caughley 
1977), the instantaneous coefficient of population growth, desig-
nated by the symbol r, is calculated as 0.159 (No = 484; Nt = 
15,884; t = 22) or 0.172 (No = 484; Nt = 21,179 adjusted, t = 
22). This indicates an estimated mean increase of 15.9% per year 
on the censused area since 1955 and 12.6% (No = 2,754; Nt = 
44,230; t = 22) or 13.9% (No = 2,754; Nt = 58,973 adjusted; 
t = 22) for the whold island (extrapolated) up to 1977-78 (Bester 
1980). 
INFLUENCES ______________________ __ 
Space 
The reduction in the rate of population increase on preferred south-
west coast beaches (Snug Harbour to Repetto Bay South) from 
14.8% per year before 1975-76 (N(.o = 296; Nt = 5,684; t = 20) 
to 10.2% thereafter (No = 5,684; Nt = 6,972; t= 2), and the 
reluctance of pregnant females to pup on eastcoast beaches because 
of their specific habitat requirements (Bester 1982), show that op-
timum breeding space is becoming limited. A further drop in the 
rate of increase (to 6.6%) occurred on three southwest coast beaches 
(Point Bay to Repetto Bay South) between 1977-78 and 1980-81 
(No = 4,442; Nt = 5,417; t = 3). The continued relatively high 
growth rate of the Gough Island population therefore apparently 
dt:pends on the ability of pregnant females to exploit less suitable 
castcoa;;t open beaches, which were densely populated by non-
breeders (mostly maks) during the 1977-78 breeding season. This 
had not occurred by the 1980-81 summer. 
Food 
No quantitative data are available on the size of the food base used 
by A. tropicalis in the region of Gough Island. 
Competitors 
The small population «200) of elephant seal, Mirounga leonina, 
is spatially and temporally separated from A. tropicalis on land, 
especially during their respective breeding seasons (Bester 1980). 
Possible competition between these species for a common food base 
is of no consequence to the fur seals. 
Table I-Extrapolated population size of Arc/ocephalus /ropicalis at Gough Island during 
January-February 1978. 
lmmatures 
Adult Adult and subadults Un-
Sector males females (both sexes) Pups classified Total 
Southwest 3,500 22,405 46 (16,802)' 22,405 0 48,356 
Northwest" 5,635 36,072 74 (27,051) 36.072 0 77,853 
(x 1.61) 
East 8,227 1,068 10,295 (258) 340 1,236 21,166 
Northeast" 3,784 491 4,736 (I 19) 156 569 9,736 
(X 0.46) 
Subtotal 21,146 60,036 15,151 (44,230) 58,973 1,805 157,111 
Total'" 21,146 69,636 53,432 (39,807) 53,076 1,805 199,095 
'U ncorrected pup counts in parenthe$es. 
"For explanation of calculation, see ,ext. 
"'Subtotal + 9,600 nonpregnant females and 38,281 absent I-year-olds, minus 5,897 dead pups. 
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Commercial crayfishing operations around Gough (and other 
Tristan Islands) constitute no threat to fur seals, because crayfish, 
Jasus tristani, are not a major dietary item (Bester and Laycock 
1985). 
Sperm whales Physeter cawdon and southern right whales Euba-
laena australis were intensively hunted in Tristan waters between 
1830 and 1870; the latter were hunted again (illegally) in 1963 by 
a Russian whaling fleet (Wace and Holdgate 1976). The present 
status of whales in this area is unknown, and their effect on the 
food base (directly or indirectly) is probably insignificant. 
PREDATORS ________________________ __ 
Killer whales, Orcinus orca, sightings are rare, and a leopard seal, 
Hydrurga leptonyx, was reported only once at Gough Island (P. 
Warren, pers. commun.). Blue sharks, Prionace glauca, also oc-
cur at Gough Island. The effect of these potential predators on the 
fur seals is unknown, but is probably insignificant. 
SURVIVORSHIP ______________________ _ 
Pup mortality during approximately the first 6 weeks of life is 10% 
(Bester 1980). Longevity of males and females is 18 + and 23 + 
years. respectively. No other information is available. 
REPRODUCTIVE PARAMETERS -----------
No information is available on the proportion of a cohort that pups 
first at each age. Females attain sexual maturity (first ovulation) 
at 4-6 years of age; 42 % at age 4 (n= 12), and 79% at age 5 (n= 14). 
A sample of 84 females of 2 years of age or more at the last 
breeding season was examined for pregnancy after implantation and 
before the next ovulation (n =38) and, through back calculation, 
reproductive condition during the preceding year (n=90). Sex ratio 
at birth is taken as 1: 1, and litter size as 1. Delayed implantation 
lasts for about 128 days with implantation occurring during the sec-
ond half of April. The fecundity scheduk for the females is shown 
in Table 2. 
Based on the presence of spermatoza in the epididymidal tubules 
from 22 September to 21 February when all adult males are repro-
ductively active, males reach sexual maturity between 3 and 4 years 
of age. Secondary sexual characteristics are only fully developed 
in males older than 7 years of age. Therefore, adult territorial males 
within breeding aggregations (not sampled) appeared to be at least 
8 years old. All adult males are reproductively quiescent during 
the winter (May to July). 
REPRODUCTIVE ECOWGY ___ .....;.. ___ _ 
Median birth dates, calculated indirectly using a simplified probit 
analysis (Caughley 1977), were 9 December and 13 December dur-
ing 1974 and 1975, respectively. Births are spread over approx-
imately 6 weeks from 21 November (earliest recorded birth) to the 
first week in January. 
No information is available on the density of females (females/ 
m2) during the peak breeding season and gregariousness. The 
degree of polygyny, expressed as territorial male/pup ratio, at 
estabiished breeding colony sites is I :5.3 (uncorrected) or 1:6.6 
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Table 2-Age-specific fecundity schedule for female A. 
tropicaJis at Gough Island. 
Female births 
Sample size No. pregnant per female 
Age Ix Bx mx 
5 0 0.00 
2 9 0 0.00 
9 0 0.00 
4 12 0.21 
5 9 7 0.39 
6 8 8 0.50 
7 14 14 0.50 
8 7 7 0.50 
9 12 II 0.46 
10 13 13 0.50 
II 6 6 0.50 
12 9 7 0.39 
13 2 0.33 
13+ 12 3 0.13 
(corrected for undercounting pups). A maximum of 14 females oc-
curred within the territory of a male at anyone time. 
The precise attendance patterns of females, duration of trips to 
sea, and visits ashore are unknown. The lactation period lasts 10-11 
months, and pups may suckle (on-nipple time) for bouts of 
21.4±20.5 min (x±SD, n=15) at intervals (n=7) of 1.2±0.44 h 
(three female-pup pairs observed over 1 day) at Gough Island (Bester 
and Kerley 1983). 
GROWTH __________________________ _ 
During j 975-76 the mean weight (kg) of pups less than I week old 
was 4.4±0.9 (x±SD) and 4.0±0.8 for males (n=7) and females 
(n = 6) respectively. During 25-30 October 1980, male and female 
underyearlings, presumably recently weaned, weighed 12.9±2.2 
kg (n=12) and 9.5±1.8 kg (n=8), respectively. Growth rates of 
pup cohorts are not available. 
The mean weight of adult non-pregnant females older than 6 years 
of age was 35.6±4.5 kg (n=29) ranging from 28.0 to 46.0 kg. 
Eight adult, non territorial males older than 9 years of age and in 
excellent condition were collected at an idle colony site from 19 
November to 10 December and weighed an average 131.3 ±20.0 
kg (range 97.0-158.0 kg). 
FOOD ____________________________ __ 
A. tropicalis at Gough Island preys predominantly on cephalopods, 
but also take8 relatively small quantities of fish (unidentified). 
Stomachs of fur seals (n=220) culled on land were either empty 
(32 %), contained only stones (8%), or contained almost exclusively 
prey remains that were resistant to digestion, such as cephalopod 
pens, beaks, eye-balls, and fish bones and otoliths. The pooled 
cephalopod lower beak (n=424), that could be identified (n=337), 
showed that Ommastrephidae (52.5%), Histioteuthidae (25.2%), 
Onychoteuthidae (19.9%), Cranchiidae (2.1 %), and Octopoteu-
thidae (0.3%) constituted the main prey items based on frequency 
of occurrence. Cephalopod mass estimates, from regression of lower 
rostral lengths against mass, approximated this relative arrange-
ment of cephalopod families as shown in Table 3 (taken from Bester 
and Laycock 1985). 
Table 3-Cephalopod lower beaks identified from stomach contents of A. tropicalis showing their relative importance by 
number and reconstituted mass. 
Family Species No. % 
- --- ---
Ommastrephidae (?) Todarodes A 95 28.2 
Todarodes B 10 3.0 
Todarodes (A or B) 17 5.0 
Ommastrephid sp. A 50 14.8 
Ommastrephid sp B 5 1.5 
Histioteuthidae Histioteuthid type 8 8~ 24.6 
(?) HistiOleUlhis :: 0.6 
Cranchiidae Galiteuthis armata 0.3 
Bathothauma Iyromma 2 0.6 
Cranchiid sp. 4 I.e 
Onychoteuthidae MorOleuthis knipovitchi 6 1.8 
(0) Moroteuthis sp. 61 18.1 
Octopoteuthidae OctopOleuthid sp. 0.3 
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~TRODUCTION----------------------
When the first scientific expedition, the Challenger Expedition, 
visited the Prince Edward Islands in 1872 they found no fur seals, 
In 1951-52 Rand (1956) made the first estimates of the fur seal 
population size and collected some specimens there. The next 
population estimate was that of De Villiers and Ross (1976) in 
1972-73. Condy presented population estimates for 1974-1975, 
seasonal haulout cycles, fluctuations in biomass, annual food con-
sumption (Condy 1978, 1981), and the structure of the fur seal 
pelage (Condy and Green 1980), I studied the interrelationships 
between the two species of fur seals there, the subantarctic fur seal 
Arctocephalus tropicalis and the Antarctic fur seal A. gazelLa (Bester 
and Kerley 1983; Kerley 1981, 1983a,b,c, 1985; Kerley and Bester 
1983) during the 1980-81 and 1981-82 austral summers, Pinniped 
research at the Prince Edward Islands is carried out under the 
auspices of the Mammal Research Institute, University of Pretoria, 
The tagging program initiated in the early seventies (Condy and 
Bester 1975) is being maintained. 
mSTORY OF HARVESTING ____________ _ 
The Prince Edward Islands were discovered in 1772, and within 
30 years the A. tropicalis population there was being intensively 
exploited. By 1802 sealers were camping on both islands and the 
fur seal population was soon decimated (Marsh 1948). The 
Challenger Expedition failed to locate any fur seals there, probably 
because expedition members landed on a beach that was not oc-
cupied by fur seals, and not because none existed on the islands. 
The South African firm Irving and Johnstone was the major seal-
ing organization active at the Prince Edward Islands (Marsh 1948) 
but, unfortunately. their records have been destroyed. The last suc-
cessful fur sealing expedition to the Prince Edward Islands was 
carried out in the 1920-21 austral summer when 785 pelts were 
harvested (Anonymous 1921); the SS Kildalkey elephant sealing 
expedition of 1931 (Marsh 1948) may have collected some fur seals. 
Since 1948 the Islands' fauna and flora have been protected, and 
the only harvest allowed was for scientific purposes. 
POPULATION SIZE __________________ _ 
The population size of A. tropicalis at the Prince Edward Islands 
was estimated during the 1981-82 austral summer using adjusted, 
direct counts (Kerley 1983a). The coastline of Marion Island was 
censused from 26 January to 3 February 1982 (Table 1). Pup 
numbers were adjusted for undercounting (16% of the total present) 
to yield an estimate of live pups. This estimate was further adjusted 
to account for pup mortality to the census date (7.0 %) and assumed 
pregnancy rates (86 %) to yield an estimate of the number offemales 
present. Because counts were not conducted during the peak fur 
seal haulout, the counts of adult males and immatures (older than 
1 year) were adjusted by 83 % and 29 %, respectively, to compen-
sate for known decreases from peak haulout to the date of the cen-
sus (Kerley 1983b). Yearlings were absent from the Island during 
the census and were estimated from the previous year's pup pro-
duction (censused during 1980-81) using an estimated mortality to 
age I year of :!3. 9 % (from A. gazella at South Georgia; Payne 
1977). The total A. tropicalis population on Marion Island was 
estimated to be 19,857 (Kerley 1983a). 
Table I-Numbers of A. tropicalis counted on the Prince Edward Islands dur-
ing the 1980-81 and 1981-82 austral summers. with adjusted totals. See text 




Unadjusted 856 2.384 
Adjusted 5.244 4.768 
Prince Edward 














The censuses of Prince Edward Island (Table 1) were carried oUI 
after the summer peak in A. tropicalis numbers. The population 
Ihere was estimated from the ratio of births: total numbers 0:4.8) 
found on Marion Island. The estimated number of births was derive(} 
from the pup counts adjusted for undercounting and using a mor-
tality figure of 9.4% to compensate for the later census date. The 
total population of A. tropicalis on Prince Edward Island was 
estimated to be 14,761 seals, or a total of 34,528 seals on both 
islands. 
POPULATION TRENDS ________ _ 
The annual rates of population increase for Marion Island were 
calculated using data in Rand (1956), Condy (1978), and Kerley 
(1983a). Between 1951-52 and 1974-75 the total Marion Island fur 
seal population increased by 11 % per year (No=500, N,=7,OOO, 
(= 23; Condy 1978) while pup numbers increased by 10 % per year 
(No = 167, N, = 1,666; Condy 1978). Due to the likelihood that 
Rand's (1956) population estimates were low, these rates of increase 
are overestimates. Between 1974-75 and 1981-82 the total estimated 
A. tropicalis population on Marion Island increased by 14.9% per 
year (No=7,OOO, N,= 19,857, t=7; Kerley 1983a) while unad-
justed pup numbers increased by 15.0% (No=I,115, N,=3,193; 
Kerley 1983a). Between 1980-81 and 1981-82, comparable, unad-
justed A. tropicalis pup numbers showed an extremely high increase 
of 23 %, indicating that the annual rate of increase for this popula-
tion is increasing, apparently following a steep sigmoid growth pat-
tern. Unfortunately, there are no historical data on which to base 
similar estimates for Prince Edward Island. 
INFLUENCES ON POPULATION 
SIZE AND TRENDS _________ _ 
The high rate of population increase shown for the Marion Island 
A. tropicalis population suggests that density-dependent factors, such 
as breeding space and food resources especially for lactating cows, 
are at present not limiting. On high-density traditional fur seal 
beaches, lower-than-average rates of increase were found. However, 
this is probably a result of emigration of fur seals to neighboring, 
less crowded beaches (Kerley 1983a). At present, although the west 
coast beaches of Marion Island are extensively utilized, breeding 
space there does not appear to be limiting, while the east coast 
beaches are poorly utilized. 
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It is not possible to make any assumptions about the influences 
of food resources on population trends. Although fish, cephalopods 
and euphausids form the diet of Marion Island A. tropicalis (Rand 
1956; Condy 1978, pers. observ.), these trophic relationships are 
poorly understood. Furthermore, it is not known whether the diet 
of the fur seals at their pelagic feeding grounds (presumably in the 
vicinity of the Antarctic Convergence; Condy 1978) bears any rela-
tion to the stomach contents of seals killed on land. 
Although there is a small population of A. gazella present at the 
Prince Edward Islands (Kerley 1983a), the effects of competition 
between these two species are unknown. Competition for breeding 
space is reduced by differences in their preferred breeding habitat 
(Kerley 1984). Similarly, competition for breeding space between 
fur seals and elephant seals Mirounga leonina is reduced by dif-
ferences in habitat preferences and seasonal haulout patterns (Condy 
1978). It is not known to what extent the fur seals compete with 
large populations of seabirds for space or food. As there are no 
major fisheries in the vicinity of the Prince Edward Islands, it is 
doubtful whether any competition exists between fur seals and man. 
Although killer whales, Orcinus orca, are common at the Prince 
Edward Islands, where they prey on penguins and elephant seals 
(Condy el al. 1978), no predation by killer whales on fur seals was 
observed. Fur seals were occasionally seen swiming within a few 
meters of killer whales without showing any apparent concern (pers. 
observ.). Predation by giant petrels, Macronectes spp., and skuas, 
Catharacta sp., i~ generally limited to moribund fur seal pups. 
Nearly all adult fur seals inspected contained unidentified 
nematodes in their stomachs and cestode cysts in their blubber. An 
unidentified louse species was found to have caused mange in one 
specimen (unpub\. data). 
SURVIVORSHIP __________ _ 
Survivorship data are available only for pups. Pup mortality 
estimates are obtained by regular searches of a beach for pup 
carcases. The pup mortality to a median age of 86 days (10.2%) 
is possibly an underestimate, since an unknown proportion of pup 
carcasses could have fallen unnoticed into crevasses in the rocks 
or been washed away (unpub\. data). 
REPRODUCTIVE PARAMETERS _____ _ 
Very little information is available regarding the reproductive 
parameters of the Prince Edward Island A. tropicalis population. 
The sex ratio of tagged pups (age ± 2 months) did not differ 
significantly from unity (n= 1,383; X2 =0.1627). A possible case 
of successful twinning by an A. tropicalis female was reported by 
Bester and Kerley (1983). 
REPRODUCTIVE ECOWGY ______ _ 
A. tropicalis pups at the Prince Edward Islands are born from the 
beginning of December to the second week of January, excluding 
a few premature and/or late births. The median date of birth, 
calculated indirectly using a simplified probit analysis, was 17 
December with a standard deviation for the season of births of 19.1 
days (Kerley 1983b). 
The intragroup density of fur seals at peak breeding season is 
not known for the Prince Edward Islands A. tropicalis population, 
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Figure 1-Growlh rrom birth to weaning or Arclocephalus Iropicaiis at Marion Island (Kerley 1985). 
and would be difficult to estimate due to the rugged nature of the 
preferred breeding habitat. An estimate of the degree of polygyny 
calculated for the Cliff Beach Study Colony is 2.4 pups/male, using 
the highest number of adult males recorded at peak breeding season 
and the adjusted estimate of pup numbers (Kerley 1983a,b). 
The maximum length of the lactation period for A. tropicalis at 
the Prince Edward Islands has been estimated to be 300 days (Kerley 
1983b), although pup growth data suggest that the lactation period 
may be as short as 260 days (Kerley 1985). 
GROWTH _____________ _ 
The mean birthweight, calculated for two males and two females, 
was 4.2 ± 0.4 kg (x±SD) and weaning weights were 16.4 kg and 
13.5 kg for males and females, respectively (Kerley 1985). Pup 
growth is linear for the first 120 days and is described by the func-
tion: Mass (kg) = 4.99 + 0.072 Age (days). Thereafter, growth 
slowed. Pups attained maximum weight in July at the age of 203 
days (Fig. 1), then lost weight, and recovered perceptibly at the 
end of September. 
The largest A. tropicalis adult male collected on Marion Island 
weighed 117.5 kg, but the average weight, 88.3 ± 15.7 kg (x±SD, 
n = 18) was considerably less. Adult females were much smaller 
(mass = 34.1 ± 8.2 kg, n=4). 
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DIET ______________ _ 
As mentioned earlier, it is uncertain to what extent the stomach 
contents of fur seals hauled out on land bear any relation to their 
pelagic diet. Rand (1956) reported that the stomachs of fur seals 
collected on Marion Island contained mostly fish (Notothenidae-
inshore, benthic), cephalopods, and euphausids. Candy (1981) 
recorded cephalopod beaks, fish remains, penguin feathers, sea-
weed, and stones as stomach contents, and assumed that the fur 
seal's overall diet consisted of 50% cephalopods, 45% fish, and 
5% euphausids. Material from stomach contents collected by Candy 
(1981) and the author are at present being identified by the Prey 
Identification Service at the Port Elizabeth Museum, R.S.A. 
CONCLUSIONS ___________ __ 
Although the Prince Edward Islands have a relatively accessible 
and robust fur seal population, it is poorly understood. The con-
tinued increase of this population presents a number of research 
opportunities in the biology of fur seals, and these opportunities 
should be exploited whenever possible. Efforts should be made to 
relate this with other A. tropicalis populations that are at different 
stages of population expansion (Gough, Amsterdam, and Crozet 
Islands) as well as with the sympatric population of A. gazella. 
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HISTORY OF HARVESTING _______ _ 
Fur seal (Arctocephalus pusillus pusillus) harvesting is one of the 
oldest of all commercial fisheries in southern Africa (Muller 1942), 
although there are few early records of numbers taken. The first 
known sealers (Dutch) killed about 45,000 seals near the Cape of 
Good Hope in 1610 (Hart 1957; Shaughnessy 1984), and early 
Dutch sealing destroyed most of the colonies close to Cape Town. 
Before the arrival of Dutch settlers at Cape Town in 1652, French 
sealers were active on the islands in Saldanha Bay. Little further 
sealing occurred until the late 18th and early 19th centuries when 
British and American sealers were active on the west coast of 
southern Africa (Rand 1950a. 1972; Shaughnessy 1984). 
There were no legal controls over the sealing industry until the 
Fish Protection Act of 1893, by which time over 20 island colonies 
had been extirpated. In the early days sealing was indiscriminate. 
Rookeries were invaded during the breeding season and all age 
groups including black pups were taken. As a result of the uncon-
trolled exploitation (for which there are no comprehensive catch 
statistics), the seal population was reduced to very low levels by 
the beginning of the 20th century. The 1893 Act stipulated that no 
seals be taken without a permit, but only in 1909 was a limit placed 
on the season. Sealing in South West Africa (Namibia) and its waters 
was controlled by the Sealing and Fisheries Proclamation in 1922, 
and by the Sealing and Fisheries Ordinance in 1949 (Shaughnessy 
1984). This latter ordinance and the 1893 Act were repealed and 
replaced by the Sea Birds and Seals Protection Act in 1973, in which 
the Minister was empowered to prescribe the age, size, and sex 
of seals killed as well as the season and the localities where sealing 
would take place. 
Harvesting has continued every year with few exceptions since 
1900, and the details of the harvest since 1973 are shown in Table 
I. The total known harvest of pups and bulls from 1900 to 1983 
was over 2.5 million. Concessions to harvest were in force at 9 
of the 23 breeding colonies up to June 1983. The average annual 
harvest was about 75,000 pups for the period 1973-82, but due to 
recent political developments in Europe and North America, the 
future of the sealing industry appears bleak. 
POPULATION SIZE 
AND TRENDS ___________ _ 
The South African fur seal, the only indigenous pinniped, breeds 
at 23 colonies around the coasts of South and South West Africa 
(Namibia), of which 6 are situated on the mainland, including the 
4 largest, and 17 are on offshore islands. In addition there are at 
least another eight colonies where no breeding takes place and where 
numbers may fluctuate considerably. The population has grown 
dramatically since the turn of the century, and growth has been 
especially noticeable over the past 40 years. Regular censuses of 
black pups have been conducted only since 1971 (Table 2), and 
the rule of thumb devised for the northern fur seal, Callorhinus 
ursinus (Johnson 1972), namely to multiply the number of pups 
by 4, is used to calculate the total population size. 
Since 1971 the population has shown a net annual growth rate 
of 3.7% despite continued exploitation. This growth, however, has 
been very unevenly distributed. Most of it has taken place at the 
3 largest land colonies, whereas 13 of the 17 island colonies have 
declined. An interesting point is that the harvested colonies are in-
creasing faster (mainland) or declining more slowly (island) than 
the unharvested colonies (Table 2). The approximate pup popula-
Table I-Commercial harvesl (annual pup calc h) of Soulh African fur seals in Soulh Africa and Namibia, updating Appendix) of Besl (1973). 
Seal \. Seal I. Wolf & TOIaI 
Mossel Quoin Geyser False Robbe- Elephanl Sinclair Albatross Long Atlas Luderitz Hollam's Cape 
Datc Bay Rock Rock Bay steen Rock Kleinsee \. Rock I. Bays I. (x4) Bird Is . Cross Pups Bulls 
1900-
1972 1,597.134' 120,393' 
1973 2 . 150 1.421 2.310 2.839 458 449 15 ,582 454 224 1.543 45.891 7 ,353 80,674 2,246 
1974 2 ,054 1.207 1,493 1,635 292 1.550 17.000 0 0 3,740 31 .506 6,399 66.816 1,164 
1975 1.638 970 138 139 350 872 13.615 4.222 1,668 5,282 35,616 744 9.543 74.9452 786 
1976 806 365 1,097 5,318 4.294 1,125 3,831 30,968 1.689 1.879 11 ,095 62,467 0 
1977 9 1l 323 482 171 14,000 5.117 1,567 4, 189 35,823 14,631 76,394 1,099 
1978 256 1,843 175 14.045 4.062 1,510 1,883 36,964 230 9,439 70,407 2,983 
1979 2,656 15,000 4.288 1.503 3,861 38.628 9.147 75,083 387 
1980 741 2,925 15,000 0 0 0 39.912 6,596 65.174 1,347 
1981 0 1,069 20,043 4,020 1,693 5,012 42 , 136 12,992 86,965 640 
1982 452 0 22,500 3,544 1,504 5.564 42,775 12.075 88,414 3,100 
1983 0 0 0 0 0 0 40,580 2, 139 46,739 4,020 
Total 2,391,212 138,168 
'Best (1973) . 
2 + 148 from Cape Frio. 
'Illegal harvest. 
Table 2-Eslimates of pup production and populalion growlh rale. 
Pup population 
1971 1983 Annual growth (%) 
Colony x SD x SD x SD 
Cape Cross 15 ,797 3.429 22,596 4,251 3.12 2.54 
Wolf Bay 16.849 4,405 29,481 3,908 5.01 2.61 
Atlas Bay 28 ,497 4,980 66,604 i 1, 174 7.36 2.31 
KJeinsee 28.666 3,984 79 ,424 10,686 8.H9 1.62 
Van Reenen Bay 2.915 798 5,554 1.009 5.74 2 .98 
Lions Head 3.875 1,210 2,126 434 -4.60 2.81 
Marshall Reef 1,045 339 120 48 -16.55 4 .57 
Staple Rock 3,614 1.314 1,495 529 -6.99 4.27 
Boat Bay Rock 1.636 446 762 158 -6.01 3.06 
Dumfudgeon Rock 2,343 587 540 90 -11.36 2.63 
Long Islands 13,478 3 ,009 16,286 2,911 1.70 2.81 
Albatross Rock 3,599 877 6,002 1,017 4.51 2.94 
Sinclair Island 14 ,956 3,681 10,975 1,769 -2.35 2.95 
Elephant Rock 1.354 272 2.269 553 4.35 3.30 
Robbesteen 1,968 602 1,027 174 -5.02 2.72 
Seal Island FB' 13,136 1,786 10,400 1,258 -1.90 1.46 
Geyser Rock 3,530 737 8,216 1,163 7.42 2.31 
Quoin Rock 3,164 688 653 166 -12.33 2.82 
Seal Island MB2 3.297 603 528 117 -14.17 2.25 
Hollam 's Bird Islands 5,390 1,490 2,039 606 -7.73 3.49 
Black Rock 163 88 326 63 7.02 4.92 
Jacobs Reef 4,721 1,188 3,610 688 -2.07 2.75 
Black Rocks AB) 1,037 307 328 81 -8.98 3.24 
Mainland sealed 89,809 9,739 198,105 18,398 6.83 0.91 
Mainland unsealed 6,791 1,519 7,680 1,188 1.16 2.12 
Island sealed 67,122 7.716 59,272 4,880 -1.00 1.12 
Island unsealed 11,311 2,073 6,303 996 -4.70 1.90 
Mainland 96.600 10.337 205,785 18,905 6.52 0.88 
Island 78,433 8,146 65,575 5,255 -1.46 0.99 
North of Orange River 114,159 12.307 164,905 14,300 3.14 1.04 
South of Orange River 60,874 5,012 106,455 11,516 4.75 0.98 





tion size in 1983 was 271,000, indicating a total population of about 
1.1 million animals. 
Three methods are used for carrying out the census: (I) aerial 
photography between 17 and 22 December each year when the pups 
average about 3 weeks old; (2) tag-recapture in mid-January at 
selected colonies when the pups average about 6 weeks old; and 
(3) a second recapture sample obtained during the annual harvest 
from July to September at the same colonies. The biases associated 
with these three methods are believed to be as follows: (1) the aerial 
census is an underestimate due to the difficulties of counting black 
pups huddled in dense clumps or sheltering under rocks and in dark 
shadows; (2) tag-recapture is probably the most accurate, but is 
also likely to be an underestimate due to the tendency for pups to 
be clumped in the locations where they are marked and for sam-
pling to take place in the same locations as a result of the difficulties 
of the very rugged terrain; and (3) the second recapture is probably 
an overestimate due to an apparent higher mortality of the tagged 
relative to untagged pups between initial marking and the harvest. 
A correction can be made by considering recaptures of male pups 
only which are hardier and suffer less mortality than the females. 
The best estimate of pup population size is considered to be the 
mean of the values from tag recapture and second recapture (2 and 
3) (Shaughnessy in press). 
INFLUENCES------------------------
Space 
Arctocephalus pusillus pusillus is an animal of the shallow waters 
over the continental shelf. It is nonmigratory, but has been recorded 
at sea over 100 nrni from land (Rand 1956, 1967). Its colonies are 
distributed around 3,000 krn of southern African coastline from 
Algoa Bay (lat. 34 oS, long. 26°E) in the southeast to Cape Frio 
(lat. 18°30'S, long. 12°E) in the northwest. The general foraging 
area is usually within 50 nmi of the shore. As far as can be deduced 
from the usually low sighting frequency of seals at sea when over 
10 rill from land during research cruises, it does not appear that 
there is any shortage of foraging space. 
However, there is some evidence that suitable breeding sites may 
have been in short supply during this century. Traditionally the seals 
breed on small offshore islands which have an inherent limitation 
on space. None of the six mainland colonies, with the exception 
of Cape Cross, existed before about 1940. It seems likely, therefore, 
that as the population grew, the existing island colonies became 
inadequate and the seals spread from the islands to the adjacent 
mainland. (Four of the other five mainland colonies are opposite 
pre-existing island colonies.) It is also possible that excessive bull 
sealing, which occurred on these islands in the 1940's, caused 
significant disruption and precipitated movement of the seals to other 
less disturbed areas on the nearby mainland. 
Since the four largest colonies are all situated on the mainland, 
it would appear that the absence of space restrictions is attractive 
to the seals. Furthermore, since five of the six mainland colonies 
are situated in restricted diamond areas, it would appear that man's 
influence in severely curtailing human interference, and in elim-
inating most large mammal predators, may have assisted in the 
establishment of these colonies. It is also interesting that none of 
the extinct island colonies destroyed by the early sealers had been 
permanently recolonized up to 1983. However, by 1985 there were 
definite signs that Mercury Island had re-established itself as a 
breeding colony. 
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Table 3-Total landings of marine organisms off South Africa and South West 
Africa from the Cunene River up to long. JO'E (excluding Natal). 
Quantity (metric tons) 
Organism 1972' 1981" 
Pilchard (Sardinops oce/la/us) 430,300 117,425 
Anchovy (Engraulis capensis) 416,800 510,517 
Mackerel (Scomber japonicus) 55,600 61,473 
Horse mackerel (Trachurus capensis) 22,700 727,522 
Other pelagic fish 37,600 39,712 
Hakes (Merluccius spp.) 1,000,000 323,990 
Other demersal fish 429,000 242,671 
Line fish (incl. snoek) 25,000 29,794 
Cephalopods 300 10,813 
Rock lobster 7,600 6,916 




By far the greatest part of the seal population (93 %) breeds on the 
west coast due to the high productivity which occurs there. This 
in turn is supported by the cold northward-flowing Benguela cur-
rent carrying nutrients and phytoplankton derived from Atlantic Cen-
tral Water which upwells off the west coast. The South African 
fur seal is an opportunistic feeder and is known to prey on over 
20 species offish and cephalopods (Rand 1959; unpubl. data), of 
which about half are of commercial importance. Although there 
is perceived competition between seals and the commercial fisheries 
(about 57% of the total seal diet by weight is comprised of com-
mercial species; unpubl. data), the seal popUlation has continued 
to grow rapidly in the postwar era, coinciding with expansion of 
the fishing industry, The commercial catch of all marine organisms 
from the Cunene River to long. 30 0 E was 2.4 million tons in 1972 
and declined by nearly 15 % to under 2.1 million tons in 1981 (Table 
3). This was due to a large drop in the quantity of demersal fish 
(including hake) and pilchard caught, but was compensated to some 
degree by a large increase in the amount of horse mackerel caught. 
Since the seal population has shown steady growth during this 
period, this seems to show not only that seals can cope with gross 
changes in the availability of specific prey species brought about 
by intensive fishing but also that carrying capacity of the west coast 
has not yet been reached, although continued growth of the fur seal 
population could change this situation sooner rather than later. 
Competitors 
Breeding sites-There is no competition with any other mammal 
for breeding sites. Although in historic times large colonies of 
breeding seabirds and seals did co-exist on the same islands 
(Shaughnessy 1984), today they are located almost exclusively on 
separate islands, with only small numbers of breeding seabirds to 
be found among the breeding seals. Interference by human encroach-
ment may be significant or; a few islands where guano is scraped 
regularly, and Robben Island in particular is permanently settled. 
Food-Natural competitors for food in the Benguela system include 
other marine mammals, seabirds, and predatory fish. Among the 
former are four species of dolphins and an inshore stock of Bryde's 
whales; the seabirds comprise primarily three species and the 
predatory fish, although there are at least eight species, comprise 
mainly two species . The food consumption of all these groups is 
unknown, but preliminary estimates indicate that annual con-
sumption of anchovy by each group, south of lat. 31 oS, is approx-
imately as follows (Bergh et al. 1985) : other marine mammals 
21,000 tons; seabirds 50,000 tons; seals 75,000 tons ; and predatory 
fish 520,000 tons . Commercial fisheries take over 500,000 tons 
of anchovy around the whole coast (Table 3) . Comparison of 
recent results with those of Rand (1959) for the 1950's has shown 
a marked shift in the diet of the seals presumably brought about 
by commercial fishing (see Food section) . 
Predation 
Little is known about predation on the South African fur seal . Its 
penchant for breeding on offshore islands eliminates the possibil-
ity of terrestrial predators in those locaJities . The mainland colonies . 
however, do not enjoy this protection, and the first-year pups are 
preyed on by black-backed jackals and brown hyenas (Shaughnessy 
1979; pers. observ .) . 
At sea, known predators are sharks Carcharodon spp. and poten-
tial predators are killer whales Orcinus orca (Rand 1956; Shaugh-
nessy 1982). Sharks are probably the most important of these since 
they are frequently seen in the vicinity of the rookeries . SeaJs showed 
limited regard for the underwater playback of killer whale sounds 
(Shaughnessy et al. 1981). Groups of seals responded initially by 
diving synchronously for 15-30 seconds , but soon resumed their 
former activities. 
Survivorship 
The only estimates of natural mortality rates available are prelim-
inary estimates of pup mortality during the first 2 months of life. 
derived from aerial photographs taken at weekly intervals between 
November and mid-February at Seal Island, False Bay in 1974-75, 
and at Geyser Rock in 1981-82 and 1982-83. These suggest that 
mortality may be quite variable but could be as high as 20% between 
the time that maximum pup count was recorded (between 18 and 
24 December) and 50 days later (unpub\. data). 
In addition, collections of known-age material are being made 
routinely, and a reservoir of tagged animals of known age is being 
built up in the population. A sample of individually branded adults 
is also being monitored each breeding season at one breeding col-
ony in Namibia (Van Reenen Bay) . 
REPRODUCTIVE PARAMETERS _____ _ 
First pupping 
The proportion of a cohort that pups first at each age is not known . 
Rand (1955) believed that young cows mated at age 2 and produced 
the first pup at 3 years of age. The ages of his specimens were deter-
mined from an examination of skull sutures . We have not collected 
any data to support this contention. In August and September 1975 
seven tagged females in their third year were killed at Kleinsee 
colony. None was pregnant, suggesting that first parturition does 
not occur until age 4 or later (Shaughnessy 1982). The only other 
data from known-age females concerns four tagged females killed 
at Kleinsee colony in 1979. They were all in their seventh year and 
were all pregnant. A reservoir of marked known-age animals 
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Table 4-Analysis of pregnancy and size class of female 
South African fur seals collected at sea on five research 
cruises in August 11)75, October 11)77, August 1980, April 
1981, and August 1982. 
Slandard length No. No. % 
(em) females pregnanl pregnant 
115-119 18 0 0 
120-124 9 33.3 
125-129 18 10 55.6 
130-134 II 10 90.9 
135-139 24 23 95.8 
140-144 21 18 85.7 
145-149 24 21 87.5 
150-154 12 9 75 .0 
155-159 6 3 50.0 
160-164 3 2 66.6 
165-169 0 
170-174 100.0 
Total (>120 cm) 129 100 77.5 
in the population as well as age determination of the pelagic 
sample (see below) makes it possible to obtain more data on this 
topic. 
Fecundity 
Age-specific fecundity of adult females is not known. The pregnancy 
rate calculated by Best (1973) was 74%, based on data from 144 
females collected at sea between 1954 and 1956 by Rand (1959). 
An analysis of the pregnancy rates of females collected at. sea 
between 1975 and 1982 is presented in Table 4. Only females above 
120 cm standard length were found to be pregnant, and for a sam-
ple of 129 females, the pregnancy rate was 77.5%. An analysis 
of age structure of this sample based on examination of sectioned 
.:anine teeth remains to be done. 
Territorial status in males 
Age of attainment of territorial status in males is unknown. Analysis 
of the age structure of a sample of 53 bulls collected on Seal Island , 
False Bay, during the breeding season may yield useful information. 
REPRODUCTIVE ECOWGY ______ _ 
Timing of pupping 
Observations on this topic were made at Van Reenen Bay colony 
during at least part of every breeding season from 1977 through 
1983. A small study area 21 x 12 m in extent was established in 
1977, and the number of births occurring during 12-hour watches 
were recorded daily. The study area is set back about 40 m from 
the water's edge and is now only utilized during the breeding season. 
It is possible that the timing of the peak pupping date could differ 
slightly from that of cows pupping on the main beach area. 
Shaughnessy (1979) stated that 90% of births occurred in a 34-day 
period, but at Van Reenen Bay this period was onJy 26 days, from 
































Toto I mean births (during daylight hours) -26.5.4 
90 % of births between 22/11 - 17/12 (26 days) 
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.Jot.NUAII'I' NOVEMBER DECEMBER 
Figure I-Mean number of births daily at Van Reenen Bay, 1977-83, during watches 0600-1200h and 1300-1900h_ Sample sizes in parenthesis (max. = 7). 
Median pupping date (when half total pups have been born) is December 4. 
(when half the pups have been born) was 4 December. Shaughnessy 
and Best (1975) calculated the median pupping date on Seal Island, 
False Bay to be I December. 
Density at peak breeding season 
The maximum number of cows counted in the study area during 
the 1980 breeding season was 363 at 0800 h on 9 December (David 
and Rand 1986). Since the approximate area of the study site was 
252 m2, the peak density was 1.4 cows/m2 . 
Gregariousness and group size 
Since females are highly gregarious and it is normal for them to 
lie touching each other (with the exception of cows close to par-
turition and those with very young pups. which may be highly 
aggressive), the nearest neighbor distance is zero (Rand 1967; pers. 
observ.). Females do not associate in groups of specific size but 
form variable clumps with animals constantly joining or leaving 
throughout the day, so that numbers fluctuate continuously (Rand 
1967). At the peak of the breeding season the main breeding beaches 
and rocks are packed with dense aggregations of cows, among which 
the only observable structure is conferred by the territories of the 
bulls. 
Degree of polygyny 
Rand (1967) calculated that at the north end of Seal Island, False 
Bay, in 1950 there were 135 harem bulls and 1,015 pups born, 
yielding a mean of 7.5 pups per bull. In the study area at Van Reenen 
Bay there was usually an average of about 10 territories during the 
peak of the season, with a relatively small number of bull replace-
ments occurring (unpubl. data). Since total pup production in 
daylight hours was 265 (Fig. I), this figure may be doubled to allow 
for births known to occur at night. Hence the mean number of births 
per territory was 53 over the whole season. 
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Attendance patterns of females 
Lactation in the Cape fur seal is a lengthy process and may last 
for the whole period between one birth and the next (Rand 1950b, 
1959). Weaning is a gradual process and quite variable in length. 
It may be completed by age 8 months (tagged pups have been har-
vested at a non-natal colony) but may last up to 18 months (Rand 
1959) should the female happen to lose her new pup (second-year 
animals have been observed suckling; David and Rand 1986). 
Normally the pup is forcibly weaned on the birth of a new pup. 
if not independent already. Because of the long period of depen-
dency, the cows make regular visits to the rookery during the 
nonbreeding season (January through October) for the purpose of 
feeding the pups. 
No information is available on the total number of days spent 
ashore by cows between parturition and weaning. However, dur-
ing the first 90 days postpartum, a mean of 41 days was spent ashore 
(N = 23 cows) at Sinclair Island in the 1948-49 breeding season 
and the mean visit duration was 2.4 days (N = 469; David and 
Rand 1986). 
It is not known how many feeding trips to sea females make before 
weaning, but during the first 90 days postpartum, there was an 
average of five trips per month (N = 27 cows) with a mean dura-
tion of 2.9 days each (N = 444; David and Rand 1986). 
GROWTH ____________ _ 
The weight at birth is approximately 6 kg (Shaughnessy 1979). The 
complete growth for a year from birth (except the months of May 
and June) appears in Table 5. The tabulated weights are from two 
sources: (1) Rand's (1956) weights of live pups on Sinclair Island 
in 1949, and (2) weights of dead pups at harvests at various colonies 
since 1972. It is clear that the weights obtained by Rand are con-
siderably higher than any mean weights obtained since that time. 
In particular. the weight of 35 kg obtained for males in August 1949 
,------------------------------------------------, 
Table 5-Growth of South African fur seal pups from birth (November) to weaning (October). 
Mean m.)nlhly weight (kg) 
---- -------- -----_.-----
Nov Dec Jan Feb Mar Apr MJY Jun Jul Aug Sep O.::t Source 
Males 6 9.1 11.2 15.4 17.8 19.2 35.0 29.8 29.9 
N 14 34 41 25 ~9 42 42 40 39 
Female, 5.5 7.8 10.2 10.8 13.0 !5.2 21.1 25.1 23.5 
N z;: 26 30 9 42 43 19 32 26 
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21.8 25.3 27.2 
586 168 113 
18.5 20.2 22.3 
421 107 75 
Cape Cross 1972 August, September, October 
Sinclair Island 1978 August 
Long Islands 1978 August 
Cape Cross 1978 Septemrer 
Atlas Bay 1979 August 
Wol r Bay 1979 September 
Cape Cross 1980 Octuber 
Kleinsee 1981 July 
1984 AugJ,: 
has not been verified at any harvest since then. In fact the mean 
weight for males in August since 1972 has been only 21.8 kg (Table 
5). This could either reflect differences in equipment used or it could 
be a reaJ difference indicating reduced food supplies for the femaJes, 
presumably due to the impact on fish populations by commercial 
fishing operations which began in the 1950s. 
The weaning weight can be approximated by obtaining the mean 
value of the August, September, and October data combined. For 
the 1972-84 data set this is 24.8 kg for males (N = 867) and 20.3 
kg for females (N = 605). 
The weights of adults are given as 700 kg for males and 122 kg 
for females in Shaughnessy (1979). However, these weights were 
given in pounds incorrectly published as kilograms. Rand (1956) 
states that the calculated maximum weight of bulls may reach 800 
lb (353 kg). The heaviest actually weighed was 316 kg, and the 
mean weight of 53 bulls at Seal Island, False Bay, in the breeding 
season was 247 kg (unpub!' data). Old cows may weigh over 250 
lb (114 kg; Rand 1956). However, the heaviest sexually mature 
female collected at sea weighed only 107 kg. and the next heaviest 
was 101 kg (N = 238). The mean weight of females collected at 
sea was 57.4 kg (N = 206; unpub!. data). 
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FOOD ______________ _ 
The Cape fur seal is an opportunistic feeder and consumes both 
pelagic shoaJing fish and demersaJ fish as well as cephaJopods and 
small amounts of elasmobranchs and crustacea. Seabirds such as 
penguins and gannets may aJso be taken periodically (Cooper 1974; 
pers. observ.). 
The contents of 245 stomachs collected during 1954-56 was, by 
volume, 67% fish, 21 % cephaJopods, 10% miscellaneous, and 2% 
crustaceans (Rand 1959). The most important fish species were 
horse mackerel, Trachurus capensis, and pilchard, Sardinops 
ocellatus, which comprised 39.7% and 12.9%, respectively, by 
volume, of total diet. Hake and anchovy each comprised 1.4% of 
totaJ diet. 
Another sample of stomachs was collected during three research 
cruises between Cape Town and the Orange River from 1980 to 
1982. SeaJs were collected from 0.5 and 53 nmi from the coast. 
Undigested stomach contents were weighed and comprised 78.6% 
teleost fish, 19.6% cephaJopods, 1.2% elasmobranch fish, and 0.5% 
crustaceans (N = 218). The fish portion of the diet consisted of 
about 74% demersal fish and 26% pelagic fish. The two most im-
portant species were found to be Cape hakes (Merluccius capensis 
and M. paradoxus) and anchovy (Engraulis capensis) which con-
stituted about 32% and 14.8% oftotaJ diet, respectively, by weight. 
Pilchard and horse mackerel constituted only 0.5 % and 0.2 %, 
respectively, of the diet. The mean weights of the individuaJ prey 
species were calculated from the sizes of otoliths collected from 
the stomachs. These are preliminary results and their adequacy as 
representative samples of the diet is unknown. An anaJysis of aJl 
stomach contents data collected between 1974 and 1985 is presented 
in David (1987). 
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The Australian fur seal, Arctocephalus pusillus doriferus is found 
in southeastern Australian waters, primarily in Tasmania and Vic-
toria, but also in southern New South Wales (Fig. I). Its breeding 
range currently extends from lat. 32°38'S to lat. 43°52'S, with major 
breeding colonies located in Bass Strait between Victoria and 
Tasmania. The New Zealand fur seal A. forsteri also occurs in 
Australian waters. Its breeding range is west of that of A. p. 
doriferus. with colonies in South Australia and Western Australia. 
Much of the following information on A. p. doriferus results from 
a long-term study carried out at Seal Rocks, Victoria, by Warneke. 
Recent accounts of this seal have been provided by Marlow and 
King (1974), Warneke (1982), and Warneke and Shaughnessy 
(1985). 
HISTORY OF HARVESTING ______ _ 
Australian fur seals were subjected to a long period of commercial 
harvesting for skins and oil. This began in 1798, soon after the 
discovery of Bass Strait and its islands by Europeans. A partial 
reconstruction of the effects of the colonial sealing era in Australia 
to about 1825 can be made from records compiled by Cumpston 
(1963) of cargoes. 
These records underestimate harvest figures, and those for the 
first 5 years seem especially low when one considers the sealing 
activity known to have occurred then. Some of this underestima-
tion is because American vessels worked in Bass Strait without call-
ing at Sydney, and at least one sealing merchant based in Sydney 
shipped skins to the Canton market with American sealers (Hains-
worth 1972). Therefore, skins on these vessels are not included 
in the data portrayed in Figure 2. 
Interpretation of Figure 2 is complicated by two important fac-
tors. First, three species of otariid seal initially occurred in Bass 
Strait: two fur seals, A. p. doriferus and A. forsteri (which were 
known as the brown and black fur seals, respectively), and the hair 
seal, Neophoca cinerea (Warneke 1982). Few cargo manifests of 
sealing vessels distinguished between skins of fur seals and hair 
seals; of those that did, none distinguished between the two species 
of fur seal. Second, some of the sealing voyages visited New 
Zealand as well as Australian waters, but did not itemize the seals 
taken from each locality. 
The boom had passed by 1810, and most of the harvesting was 
over by 1825 when 300,000 or more skins had been taken from 
fur seal colonies in Australian waters. The proportion of A. p. 
doriferus is of course not possible to assess accurately. Based on 
the current abundance of the three species in southern and south-
eastern Australia (Warneke 1979; Crawley and Warneke 1979; King 
and Marlow 1979), the proportion could have been as high as two-
thirds, indicating that about 200,000 A. p. doriferus may have been 
harvested in the period 1798 to 1825. It seems likely that the two 
least abundant species in Bass Strait (A. forsteri and N. cinerea) 
were eliminated during this early period of sealing. They have not 
recolonized Bass Strait, but still occur further west. 
A second period of sealing followed, until the latter half of the 
nineteenth century. This was carried out by residents of the Bass 
Strait islands, the "straitsmen," who also harvested shearwaters, 
albatross, and wallabies (Murray 1927; PlomJey 1966). This phase 
of sealing ceased when regulations to control seal harvesting were 
imposed, initially in Tasmanian waters (south of lat. 39° 12'S) in 
1889 under the Fisheries Act of 1889. Colonies in Victorian waters 
received legal protection in 1891 under the Game Act of 1890. 
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Figure I-Map of southeastern Australia showing breeding range of the Australian fur seal Arc/ocephalus pusillus Mriferus (from Warneke 
and Shaughnessy 1985). Closed circles represent breeding colonies; open circles denote former sites no longer used. 
The Tasmanian regulations allowed sealing on a few islands in 
eastern Bass Strait by residents of Cape Barren Island on a regu-
lated seasonal basis. Around 1923 the open season was changed 
from summer, when breeding colonies were readily accessible, to 
winter when weather conditions made access hazardous. The level 
of sealing then decreased even further. 
Responsibility for seals in Tasmanian waters changed in 1975 
from the Sea Fisheries Branch of the Department of Agriculture 
to the National Parks and Wildlife Service (Pearse 1979). Seals were 
then managed under the Wildlife Regulations of the National Parks 
and Wildlife Act of 1970. In Victorian waters, responsibility for 
conservation of fur seals is vested with the Department of Conser-
vation, Forests and Lands under the Wildlife Act of 1975. No seal 
harvesting is allowed under both sets of legislation. 
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POPULATION SIZE 
AND TRENDS ____________ _ 
Aerial surveys of most of the major fur seal sites of southeastern 
Australia were carried out in April 1945 and April 1975 (S. Fowler 
unpubl. data, CSIRO Archives; Pearse 1979). Both surveys occurred 
during cool, overcast weather when the majority of attendant seals 
was ashore. In addition, ground counts of sites in Victorian waters 
were made by Warneke between 1966 and 1982. As a result of these 
surveys and information concerning one colony in New South 
Wales, II breeding colonies and 21 nonbreeding sites are recog-
nized (Fig. I). 
A comparison of counts made during the two aerial surveys in-
dicates that there has been no substantial change in the status of 
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Figure 2-Seal s~ins (Arc/ocephalus spp. and Neophoca cinerea) imported into Sydney from 1798 to 1825 (from Warneke and Shaughnessy 1985: based 
on Cumpston 1963). 
A. p. doriferus between 1945 and 1975 (Warneke and Shaughnessy 
1985). Further evidence of st.ability in the population level is pro-
vided by counts of pups at the Seal Rocks colony from 1966 to 1985. 
These have been about 2,000 annually (Warneke unpub\. data). 
From analyses of thc survey data and by applying an index derived 
from comparisons of counts made at Seal Rocks during April and 
the breeding season of several years, Warneke and Shaughnessy 
~ I 985) estimated that 10,000 pups are born annually. 
A complete survey of all breeding colonies of the Australian lur 
seal has never been made in one breeding season. Furthermore, 
tile above comparison of the recent population level with that in 
1945 is not ideal, because it is partly based on aerial surveys of 
sites made in the month of April, 4 months after the breeding season. 
By then adult numbers on the sites are well below maximum and 
may show large variation between successive days. Most estimates 
in the literature of levels of fur seal populations are based on pup 
numbers. The above comparison cannot be made on that basis as 
some pups have gone to sea by April, and most have molted and 
so are no longer recognizable as pups. 
If a complete survey of colonies of the Australian fur seal were 
to be made, it is important that it take place during the breeding 
season and be directed a~ black pups, the only age class which is 
readily recognizable and which occurs simultaneously in all colonies. 
Such censusing should be repeated during several seasons so that 
fluctuations between years can be recognized. 
Based on the current distribution of breeding colonies and non-
breeding sites, evidence of additional sites occupied when commer-
cial harvesting began (Warneke 1982). and also on the extent of 
the initial harvest between 1798 and 1825, Warneke estimates that 
the Australian fur seal population originally produced 20,000 to 
50.000 pups annually (Warneke and Shaughnessy 1985). Thus the 
population is now much smaller than it was before European 
harvesting. Two factors that may have contributed to the main-
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tenance of a low population level are: competition with fishermen 
for food in an ecosystem of low productivity, and an increase in 
mortality resulting from interactions with fishermen. 
Space 
Since the advent of commercial sealing in southeastern Australia, 
at least 4 sites. and possibly as many as 17, remain vacant (Fig. 
1). One of these, Albatross Island in Bass Strait, was probably the 
largest breeding colony of A. p. doriferus (Warneke 1976). A few 
fur seals haul out there now, but no breeding is known to have 
occurred since the 1820s. Thus space (in the form of vacant s;tes) 
does not appear to be limiting expansion. 
In territories of A. p. doriferus at Seal Rocks, Warneke deter-
mined that the density of cows averaged 0.15 m2 . For the Cape 
fur seal A. p. pusillus, Rand (I967) reported that the area of terri-
tories averaged 10 to 20 m2 and contained 7 to 66 cows (mean 28). 
1 he density of cows in territories of A. p. pusillus therefore averaged 
1.9 per m2• Thus breeeding colonies of A. p. dorifems are less 
crowded than those of A. p. pusillus, and so space within colonies 
is not likely to be limiting expansion. This and strong philopatry 
presumably operate against recolonization of vacant sites. 
Food 
The marine habitat of the Australian fur seal is generally of low 
productivity. Bass Strait is dominated by warm, nutrient-poor water 
derived from the north and west, and is consequently of relatively 
low productivity. ProductiVity is higher off the south coast of New 
South Wales and the east coast of Tasmania, where upwelling oc-
curs. These areas, however, are of limited significance because of 
their variability. As a result of this low marine productivity, the 
food resource of Australian fur seals is considered to be low and 
may well be limiting fut1her expansion of numbers. However, this 
does not explain why the fur seal population has not regained its 
original size. 
A comparison of the productivity of the marine ecosystem of A. 
p. donfems and that of A. p. pusillus indicates that the latter is much 
greater because of the high productivity of the Benguela Current 
on the west coast of southern Africa, where most of the Cape fur 
seals occur (Rand 1967; Warneke and Shaughnessy 1985). There 
is no counterpart to this current in Australian waters. 
Competitors 
Fishermen in Victorian waters claim that seals drastically reduce 
stocks of commercially valuable fish (Warneke 1982). That claim 
has not been substantiated by evidence from fishery statistics or 
from an examination of stomach contents and ejecta. But seals do 
interfere with sedentary mesh-net fisheries by damaging nets as well 
as mauling fish and allowing them to escape. 
In Tasmanian waters seals occasionally interfere with fishing 
operations, but not sufficiently to cause conflict (pearse 1979). A 
survey of line fishermen in 1980 by the National Parks and Wildlife 
Service of Tasmania indicated that 2 % of their catch was damaged 
(Vivian 1982). 
Some species of sharks, fish, seabirds, and dolphins compete with 
seals for prey, but to unknown extents. 
Predators 
Australian fur seals are preyed on by large sharks; the white pointer 
Carcharodon carcharias, in particular, preys on seals of all ages, 
although the extent ofthis mortality is unknown (Warneke 1982). 
The seals are also preyed on by humans; most of that mortality is 
inflicted by local fishermen. Analysis of tag returns indicates that 
a significant proportion of the mortality of immatures is caused by 
fishermen (Warneke 1975). Such mortality is either accidental, 
resulting from drowning in nets or traps, or deliberate when seals 
interfering with fishing operations are shot (Warneke and Shaugh-
nessy 1985). Shooting by fishermen is authorized by permit (from 
Natl. Parks Wildl. Serv. and Dep. Conserv. Forests Lands) in 
Tasmanian and Victorian waters, respectively (Pearse 1979; 
Warneke pers. commun.). 
Survivorship 
Counts of dead pups in breeding areas at Seal Rocks reveal a mini-
mum mortality rate of 15 % in the first 2 months (Warneke 1982). 
During later stages of immaturity, many more seals die at sea. 
Analysis of an extensive array of tagging and resighting data 
accumulated over many years from the Seal Rocks colony by 
Warneke would enable survivorship of various age/sex classes to 
be estimated. 
Resighting data of tagged seals indicate that longevity extends 
to at least 18 years in males and 21 years in females, and the latter 
are still capable of reproducing at 19 years (Warneke unpub!. data). 
REPRODUCTION PARAMETERS _____ _ 
First pupping 
Age at first oestrus is normally 4 years or later, although in a few 
females it occurs at 3 years of age (Warneke 1982). 
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Fecundity 
Age-specific fecundity rates of adult females are not available, 
although analysis of relevant data collected from tagged animals 
at Seal Rocks by Warneke would enable these to be estimated. The 
overall pregnancy rate has been calculated as 68 % (Warneke 1979) 
and 73 % (Warneke and Shaughnessy 1985). The latter estimate 
follows from a reassessment of the animals included in the adult 
female class and from an increase in the sample size. Pregnant 
females and females heavier than the lightest pregnant female sam-
pled were classified as adult. 
Territorial status in males 
Age of puberty in tagged males has been determined as 4-5 years. 
Attainment of breeding status does not occur until 8-13 years, with 
the average age of successful challengers for territories being 11 
years. Males hold territories for an average of 1.8 years (Warneke 
and Shaughnessy 1985). 
REPRODUCTIVE ECOWGY ______ _ 
Timing of pupping 
Pups are born from late October to late December at Seal Rocks, 
with a median date of 1 December (Warneke and Shaughnessy 
1985). Ninety percent of pups are born in a 26-day period. It is 
not known if there are regional differences in pupping season. 
Density within territories 
Australian fur seals tolerate a high degree of bodily contact. The 
number of cows in breeding territories ranges from 0 to 63, with 
a mean of 9. Breeding territories range in size from 20 to 140 m2, 
with a mean of 62 m2 (Warneke and Shaughnessy 1985). Thus the 
mean density of cows in breeding territories is 0.15 per m2 , with 
range 0 to 3.1. 
Degree of polygyny 
The number of pups born on the main beach of Seal Rocks aver-
aged 10 per territory in an area with 95 to 100 bulls (Warneke 
unpub\. data). 
Attendance patterns of females 
Cows are ashore with their pups during the 6-day period between 
birth and oestrus. Soon after mating they feed at sea for a few days 
before returning to suckle their pups. After the first trip to sea, 
periods at sea increase to about a week, alternating with several 
days ashore. Analysis of Warneke's data on sighting of tagged cows 
at Seal Rocks may provide more precise estimates of these param-
eters. 
The lactation period lasts about 11-12 months, although pups are 
believed to begin foraging by age 7 months. There is considerable 
variation between individuals in the timing and causes of weaning. 
Some juveniles continue nursing into their second and, less com-
monly, their third years (Stirling and Warneke 1971). Counts of 
young seals in association with cows have been made in several 
seasons during late November and early December (when most pups 
have heen born). Eleven percent of them were older than 1 year 
(Warneke unpub\. data). 
GROWTH --------------
Body mass (kg) of about 20 newborn pups of each sex in November 
is: 
males x 8.1 
females x 7. 1 
(range 5.0-12.5) 
(range 4.5-10.0). 
In January, about 1 month after birth, the body mass data (kg) are: 
males x 12.0 
females x 10.0 
(range 7.0-18, n 
(range 5.0-14, n 
337) 
198). 
Body mass at weaning is highly variable as a result of variation 
in the timing and causes of weaning. 
Body mass data (kg) for adults are: 
males x 279 (range 218-360, n 13) 
females x 76 (range 41-113, n 71). 
Data for newborn pups are from Warneke (1979); those for month-
old pups and adults are from Warneke and Shaughnessy (1985). 
Adult males were all territorial bulls: adult females are defined 
above. The data for adult females differ slightly from that in 
Warneke (1979) and is more accurate. 
FOOD _______________ __ 
Food items have been studied by Lewis (1930), Tubb and Brazenor 
(1937), and McNally and Lynch (1954). Numbers of stomachs with 
food items examined by these investigators were 18, 1, and 138, 
respectively. For each series, seals were killed either at the breed-
ing colonies of Seal Rocks or Lady Julia Percy Island in Victoria, 
or in nearby waters. In addition, Warneke (1982; unpubl. data) has 
made observations on feeding, stomach contents (very few), and 
vomit. The most important prey are fish, cephalopods, and crus-
taceans. In general the Australian fur seal is an opportunistic feeder. 
A wide range of fish is taken, depending on seasonal availability 
and local opportunity. They include surface, midwater, and bottom-
dwelling species, at least 20 of which have been identified. The 
most important is snook, Leionura atun, which often occurs in large 
shoals in Bass Strait in sununer. The most frequently taken cepha-
lopods are squid (Nutotodams and Sepioteuth!s), cuttlefish (Sepia), 
and octopus (Octopus). Of crustaceans. rock lobster (lasus) are 
taken occasionally and crabs have been found in stomachs of sl3rvel-
ing juveniles. 
A comparison of prey items in the diet of A. p. pusillus of southern 
Africa and A. p. doriferus revealed many similarities at the generic 
level and several at the species level (Warneke and Shaughnessy 
1985). 
Evidence from recoveries of seals drowned in rock lobster traps, 
fish traps, and deep-seal trawls indicates that the Australian fur seal 
dives to a depth of at least 100 m (Warneke unpubl. data). 
Recoveries from trawl nets at greater depths indicate that some 
animals dive to 200 m. This suggests that the whole of the con-
tinental shelf is available as a feeding area. In addition, there is 
evidence that adults search the deeper waters off the shelf edge 
(Warneke 1982). 
Captive females of average size (about 75 kg) require approx-
imately 5 kg of food per day to maintain their body mass, or about 
7% of their body mass (Warneke 1979). No other quantitative data 
are available on the food requirements of Australian fur seals. 
77 
CITATIONS ____________ _ 
CRAWLEY, M. c., and R. WARNEKE. 
1979. New Zealand fur seal. In Mammals in the seas, p. 4548. FAO Fish. Ser. 
5, Vol. 2. 
CUMPSTON, J. S. 
1963. Shipping arrivals and departures Sydney, 1788-1825. Published by author, 
Sydney, 190 p. 
HAINSWORTH, D. R. 
1972. The Sydney traders. Simeon Lord and his contemporaries 1788-1821. 
Cassell, Melbourne, 264 p. 
KING, I. B. (sic), and B. J. MARLOW. 
1979. Australian sea lion. In Mammals in the seas, p. 13-15. FAO Fish. Ser. 
5, Vol. 2. 
LEWIS, F. 
1930. Seals un the Victorian coast and their feeding habits. Aus!. Mus. Mag. 
4:3944. 
McNALLY, J, and D. D. LYNCH. 
1954. Notes on the food of Victorian seals. Unpubl. fauna rep. I: 1-16. Off., 
Dir. Fish. Game, Victoria. 
MARLOW, B. J., and J. E. KlNG. 
1974. Sea lions and fur seals of Australia and New Zealand - the growth of 
knowledge. Aus!. Mammal. 1:117-135. 
MURRAY, L. C. 
1927. An account of the whaling and sealing industries of Van Diemen's Land. 
B.A. Thesis. Univ. Tasmania, 42 p. 
PEARSE, R. J. 
1979. Distribution and conservation of the Australian fur seal in Tasmania. Vic-
torian Nat 96:48-53. 
PLOMLEY, J. B. 
1966. Friendly mission. The Tasmanian journals and papers of George Augustus 
Robinson 1829-183 ... Tasmanian Historical Res. Assoc., Hobart, 1074 p. 
RAND, R. W. 
lQ69. The CJpe fur-seal (Arctocephalus pusillus). 3. General behaviour on land 
and at sea. S. Afr. Div. Sea Fish. Inves!. Rep. 60: 1-39. 
STIRLING. I., and R. M. WARNEKE. 
1971 Implications of a comparison of the airborne vocalizations and some aspects 
of the behaviour of the two Australian fur seals, Arctocephalus spp., on the 
evolu;ion ann prescnt taxonomy of the genus. Aus!. J. Zool. 19:227-241. 
TUBB, J. A., and C. W. BRAZENOR. 
1937. Mammalia. In Lady Julia Percy Island. Report of the expedition of the 
McCoy Society for field-investIgation and research. Proc. R. Soc. Victoria 
49:435437. 
VIVIAN, H. 
1982. Natural history and status of the Australian fur seal, Arc/pcephulus pusillus 
doriferus in Tasmanian waters. Environ. Stud. Rep. 198211, Univ. Tasmania, 
55 p. 
WARNEKE, R. M. 
1975. Dispersal and mortalilY of juvenile fur seals ArL'lOcephalu5 pusillus 
dariferus in Bass Strait, southeastern Australia. Rapp. P-v. Reun. Cons. in!. 
Explor. Mer 169:296-302. 
1976. Preliminary report on the distribution and _bundance of seals in the 
Australasian region. Rep ACMRR/MM/SC/42, Cons. Marine Mamm., 
Bergen, Norway, 46 p. 
1979. Australian fur seal. In Mammals in the seas, p. 41-44. FACi Fish. Ser. 
5, Vol. 2. 
1982. The distribution and abundance of seals in the Australasian region, with 
summaries of biology and curren! research. III Mammals in the seas. p. 431475. 
FAO Fish. Ser. 5, Vol. 4. 
WARNEKE, R. M., and P. D. SHAUGHNESSY. 
1985. Arc/acephalus pusillus, the South African and Australian fur seal: tax-
onomy, evolution, biogeography, and life history. In Ling, J K., dnd M. M. 
Bryden (eds.), Studies of sea mammals in south latitudes, p. 53-77. South Aus!. 
Mus., Adelaide. 

Subantarctic Fur Seal, 
Arctocephalus tropicalis, 
in French Subantarctic 
Territories 
JEAN-PAUL ROUX t 
Institut des Sciences de [,Evolution 
Section Socioecologie 
U. S. T. L. Place Bataillon 
34060 Montpellier Cedex 
France 
'Present address: Sea-Fisheries. P.O. Box 394. 9000 Liideritz. S. W.A.lNamibia. 
79 
INTRODUCTION __________ _ 
The Subantarctic fur seal Arctocephalus tropicalis breeds on two 
groups of French islands in the southern Indian Ocean: the Crozet 
group Oat. 46°S, long. 51 °E) and Saint Paul (Iat. 38°43'S, long. 
7r30'E) and Amsterdam Islands (lat. 3r50'S, long. 77°35'E). 
As in other localities (Prince Edward and Gough Islands), these 
local seal populations are recovering from uncontrolled harvesting 
operations. On the Crozet Islands, the recently discovered breeding 
colony comprises the two species A. tropicalis and A. gazella 
Uouventin .:1 al. 1982), the latter much smaller in numbers than 
the first. Some historical acco\l:Jts seem to prove that prior to ex-
ploitation A. gazella was the only fur seal present on the Crozet 
Islands (Roux. unpubl. data). 
HISTORY OF HARVESTING ______ _ 
Fur seals were extremely abundant on Saint Paul and Amsterdam 
Islands, according to early visitors. until the end of the 18th cen-
tury (Valentyn 1726; Staunton 1797; Claret de Fleurieu 1799; La 
Billardiere 1801; de Rosse11808; Peron 1824). Seals were perhaps 
taken as early as the first landings on these islands in 1696 or 1734. 
The first recorded sealing expedition in 1789 took 1,200 skins in 
9 days (Allen 1899). Between l789 and 1832, at least 22 sealing 
vessels plus numerous whalers were engaged in regular and inten-
sive harvesting on both islands (Staunton 1797; Peron 1824; 
Goodridge 1841; Allen 1899; Stackpole 1953; de Brossard 1971). 
From 1837 to the end of the century, these islands were visited 
each year by fishermen, whalers, and occasionally sealers. Fur seals 
appeared to have stopped breeding on Saint Paul Island after 1835. 
In 1850 they were still breeding in extremely reduced numbers on 
Amsterdam Island, and continued to be exploited until 1874 and 
probably 1876 (de Ravisi 1853; Von Pelzeln 1861; Velain 1877; 
Velain 1878). By the beginning of the 20th century, fur seals were 
believed to be extinct on both islands (Vanhoffen 1909; Aubert de 
la Rue 1932; Jeannel 1940), until 1950 when a breeding colony 
was found on the northwest sector of Amsterdam Island (Martin 
de Vivies 1951; Paulian 1953). 
Harvesting had started by 1803 in the Crozet group (Fanning 
1834; Stackpole 1953) with regular and intensive sealing activity 
from 1814 to 1850 (Allen 1899: Aubert de la Rue 1953; Derenne 
et al. 1976). Authors stated that fur seals were already not so 
numerous by 1820-25 (Lesquin 1827; Goodridge 1841). They had 
almost disappeared by 1887, when a sealing party took only three 
skins in a 5-month campaign (Allen 1899). Sealers continued their 
campaigns on these islands for elephant seal oil until 1928 (Aubert 
de la Rue 1953, 1954; de Brossard 1971). 
For both groups of islands, harvesting was totally uncontrolled 
and nonselective. It is probable that fur seals were exterminated 
on Saint Paul Island and the Crozet group by the end of the 19th 
century but that some seals remained on the west coast of Amster-
dam Island. 
POPULATION SIZE 
AND TRENDS ___________ _ 
Census methods and population size 
A complete census was made during the 1981-82 breeding season 
on Amsterdam Island. Correction factors w.:re applied to allow for 
pup mortality, adult female pregnancy rate, and using summer 
haulout data for adult males. Yearlings, absent from the island dur-
ing the breeding season, were not included in the estimates (Hes 
and Roux 1983). 
The Amsterdam Island fur seal popUlation, excluding yearlings. 
totaled over 35,000 individuals in 1982 (Roux 1982; Hes and Roux 
1983: 6,070 adult males; 12,972 adult females; 5,085 subadults, 
and 10,898 pups). 
On Saint Paul Island, no complete census has been made since 
1971 (Segonzac 1972); partial counts were made in 1981 (G. Cesa 
pers. commun.), 1983 (B. Tollu unpubl. data), and 1985 when a 
pup census was carried out. 
The present size of the Saint Paul Island subpopulation is un-
known, but a large increase has occurred since 1971 when it totaled 
about 350 individuals (Segonzac 1972). During a short visit to this 
island in December 1984, the author counted 1,362 fur seals (mainly 
subadults) on 26% of the coastline. A census in February 1985 
disclosed 66 pups born on this island during the 1984-85 breeding 
season (Roux unpubl. data). 
Complete counts have been made annually for the Crozet islands 
since 1978. They have taken place on Possession Island during the 
breeding season. No correction factors are applied here, as data 
on pup mortality and adult female pregnancy rate are not available. 
On Crozet Islands, the total population in 1984 was about 350 
individuals, including 100 pups at the breeding colony of Posses-
sion Island (P. Frigola pers. commun.). Isolated births are known 
to occur regularly on East and Hog Islands (Jouventin et al. 1982; 
Voisin 1984; H. Weimerskirch pers. commun.). 
Trends 
Between 1970 and 1982 the mean annual rate of increase on Amster-
dam Island was 16.4% for total numbers and 16.6% for numbers 
of pups (Hes and Roux 1983). 
On Saint Paul Island the estimated annual rate of increase was 
over 17.4 % for total numbers between 1970 and 1981. From 1971 
to 1985 the number of pups born increased at a mean annual rate 
of 16.0%. 
The mean annual rate of increase on the Crozet Islands from 1979 
to 1984 was 16.2% for total numbers (Jouventin et aI. 1982; unpubl. 
data). From 1978 to 1985 the number of pups born increased at 
an average annual rate of 18.2% (Fig. I). 
SURVIVORSHIP ___________ _ 
Pup mortality 
At the study colony on Amsterdam Island, mortality of pups up 
to 6 weeks of age was 13.5% and about 15.0% up to 12 weeks 
of age in 1982 (Hes and Roux 1983). On this island, pup mortality 
rates are known to vary greatly with density and beach characteristics 
such as morphology, topography, and orientation. 
REPRODUCTIVE PARAMETERS _____ _ 
Pregnancy rate and sex ratio 
An estimated pregnancy rate was calculated for the Amsterdam 
Island population by dividing the number of pups born at the study 
colony by the cumulative number of adult females hauling out dur-
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Figure I-Evolution of the Possession Island breeding colony (Crozet group). 
ing the pupping period. This gave a rate of 84 % in 1982 (Hes and 
Roux 1983). 
The sex ratio (R) of the pups at the age of 2 months is close to 
unity (R=1.131, N=976, X2 =3.688, 0.10<p<0.05), as it is at 
10 months of age (R= 1.299, N=200, X2 =3.38, 0.IO<p<0.05) 
during weaning (Roux unpubl. data). 
REPRODUCTIVE ECOLOGY ______ _ 
Timing and duration of the pupping period 
and distribution of births 
On Amsterdam Island pupping occurs over a period of 39 days (24 
November to 1 January). The median date of birth, calculated from 
a simplified probit analysis (Caughley 1977), was 11 December 
in 1981 (Roux and Hes 1984); 90% of births occurred within a 
period of 29 days (30 November to 28 December, Roux unpubl. 
data). 
Density at peak during the breeding season 
A density index was calculated for Amsterdam Island using the 
number of animals per unit of coastline length. The highest den-
sities observed in 1981-82 were 1,255 and 1,229 births per 570-m 
coastal segment. Density varies directly with the time elapsed since 
the colonies were founded (Roux 1987). 
Degree of polygyny 
The degree of polygyny varies according to density and beach 
'topography. About 1.5 pups per territorial male are born on a 
medium density rocky beach, 5.5 pups on a high density boulder 
beach on Amsterdam Island, and approximately 3.0 pups on the 
Crozet breeding colony. 
Lactation period 
Weaning occurs in October on Amsterdam Island; the latest ob-
served date in 1981 was 25 October. The median date of weaning 
was 15 October; thus the lactation period lasted 10 months 
(calculated from the median date of birth) to 11 months (calculated 
from the first hirth date) (Roux and Hes 1984). 
Growth 
On Amsterdam Island the birth weight is 4.9 kg (N=25, range 
3.6-6.1) for males and 4.0 kg (N=29, range 3.3-4.5) for females 
(Paulian 1964). At weaning (310 days old), males weighed 18.15 
kg (N=55, SD=2.29) and females weighed 15.45 kg (N=46, SD= 
2.47) in October 1981 (Roux unpubl. data). 
The four males aged 6 years and older which were studied by 
Paulian (1964) weighed 121.0 kg (N=4, SD=35.0. range 91-164). 
and the two females aged 2 years and older weighed 40 kg and 56 
kg, respectively. 
Food 
On Amsterdam Island A. tropicalis is known to prey upon squid, 
fish, and rockhopper penguins lPaulian 1964; B. Tollu unpubl. data; 
Roux unpubl. data). Otoliths and squid beaks have been collected 
from scats and vomit, but have not yet been identified. 
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INTRODUCTION __________ _ 
The Guadalupe fur seal, Arctocephalus IOwnsendi, is the only 
representative of its genus in the northern hemisphere. Like the other 
species of ArclOcephalus. its numbers were severely reduced by 
commercial hunting in the nineteenth century, and for many years 
it was considered extinct (Hubbs 1956). At present. the species 
breeds only on Isla de Guadalupe off the coast of Baja California, 
Mexico. The population is still quite small, perhaps numbering as 
few as 2,000 animals, but apparently is growing; Fleischer (1978, 
1987) estimated the growth rate between 1954 and 1977 to have 
been approximately 10% per year. 
Although the Guadalupe fur seal has been censused fairly regularly 
since its rediscovery in 1954, little research has been done on other 
aspects of the species' biology (Peterson et al. 1968). Previous to 
this work. only one week-long study had been made of the breeding 
behavior of this species (Peterson and Ramsey 1970). This paper 
reports the results of a season-long field study of the breeding 
behavior of A. townsendi that focused on the territorial behavior 
of adult males. Data were also collected on other aspects of the 
behavior of this little-known species. 
METHODS ____________ _ 
Isla de Guadalupe is an oceanic island of volcanic origin, located 
260 km west of Baja California, Mexico (Fig. 1). The island is 
bathed by the cold waters of the California Current, and prevailing 
winds are from the northwest. Most of the shoreline on the leeward 
east side of the island, the area occupied by the fur seals, is com-
posed of jumbled basaltic rocks and boulders bounded by towering 
cliffs and containing numerous crevices and caves of various sizes. 
By 1977, fur seals bred along roughly 25 km of this shoreline, from 
Discovery Point in the north to Melpomene Cave in the south (Fig. 
I) . 
The study was carried out in two parts. The first, more exten-
sive phase was conducted on Isla de Guadalupe from 12 June to 
12 July 1975. A total of 265 hours was spent in observation at the 
main study area, an open stretch of rocky shoreline approximately 
120 m long that contained four small coves divided by lava dikes 
and a wide, flat point. The territories of eight adult males were 
in this study area (Fig. 2). This area was located approximately 
halfway down the east side of the island, immediately north of the 
Lobster Camp cove. Additional observations were made at the cove 
itself, which sheltered three or four territories and 20 to 60 juvenile 
fur seals. Another site for behavioral observations was a large cave 
(about 50 m wide by 40 m deep), which had previously been used 
as a study area by Peterson and Ramsey (1970). 
Additional observations were made between 23 June and 10 July 
1977, in the course of a fur seal survey of Isla de Guadalupe 
(Fleischer 1978). In particular, observations were conducted at the 
1975 main study area on 7-8 July, and at a large open cave near 
Punta Proa on 9 July (Fig. 1). 
RESULTS ____________ _ 
Male territorial behavior 
Timing-When observations began on 12 June 1975, seven of eight 
males in the main study area were already established on territories, 
and adult males occupied nearly all the suitable terrain along the 
shoreline within 2 km of the study area. 
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Figure I-Isla de Guadalupe. 
The eighth male contended for an already occupied territory on 
12 June. He made three observed attempts to land on the territory 
between that date and 17 June, when he managed to establish himself 
elsewhere on the study area. All the interactions were vigorous 
postural and vocal displays without physical contact, and all ended 
with the intruder fleeing back into the sea. On June 17, he established 
himsel f in a smal I cove about 50 m south of the disputed territory. 
Although already occupied by another male, the cove was bisected 
by a large rock, and the two males were seldom in visual contact. 
Territorial tenure and status of males-Between 17 June and 12 
July, there were no changes in the study-area territories. All males 
were still on their territories, and none had been displaced. even 
temporarily. Thus, seven males held territory for at least 3 I days, 
and one for at least 26 days. 
On Isla de Guadalupe in both 1975 and 1977, fur seal males con-
siderably smaller than their neighbors, and judged to be subadults, 
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were observed holding territory in the middle of the breeding season. 
Although these territories were located near the periphery of the 
rookery. females were present on at least two of them. 
The shoreline in most rookery areas was composed of broken 
volcanic rubble bounded by high cliffs, and the distance between 
cliff face and water was often less than 10 m. Territories were 
generally located on rocky surfaces; cobbled areas were normally 
occupied by breeding animals only in caves (exposed cobble or sand 
beaches were left to juvenile nonbreeders). 
J n the main study area, three of the coves were occupied by single 
males; the fourth cove was shared by two; and the territories of 
three males were situated on the point (Fig. 2). The eight territories 
varied in area from about 10 to 120 m2 ; the mean was approx-
imately 20 m2. However, topography played a major role in deter-
mining territory size on this rookery; males were observed main-
taining territories (on which females were also present) in crevices 
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Figure 1-The 1975 main study area, showing approximate boundaries of the territories of eight A. townsendi males. Tidepools and high tide lines are depicted 
by dotted lines. Display sites are indicated by hash marks. 
All territories observed here and elsewhere on the rookery fronted 
on the water. Most of the males were observed to enter the sea 
or tidepools connected to the sea daily, and no males were observed 
holding landlocked territories in the few areas where such space 
was available. Although no entirely aquatic territories were ob-
served, some males obviously controlled the water immediately ad-
jacent to their territories. On several occasions, bulls responded 
to the approach of other males to within 2-3 m of shore by diving 
into the water and attacking them. The intruding males always fled 
immediately without offering any resistance to the territory-holder. 
Males occupying entire coves by themselves were generally out 
of sight of their nearest neighbors, from whom they were often 
separated by meters of rock. During a survey of the rookery in June 
1968, Peterson and Ramsey (1970) estimated that no more than half 
of the territorial bulls were visible to their neighbors. 
The territories in the study area remained unchanged in size and 
shape throughout the study. In great part, this was due to the fact 
that most territorial boundaries were defined by obvious physical 
features, such as rock walls or boulders. However, even territorial 
boundaries that extended across featureless rock remained constant; 
males encountering one another at a vague boundary of this sort 
always moved to certain topographically-defined display sites before 
beginning their threat displays (Fig. 2). 
At least two of the eight males present on the main study area 
in 1975 were observed again in July 1977. These two males, iden-
tified by their vocalizations, were in the same locations that they 
had occupied two seasons previously. In June 1968, Peterson and 
Ramsey (1970) discovered an adult male fur seal on territory in 
a large cave located approximately 1 km north of Lobster Camp 
(Fig. I). This male, named Lefty, was missing his left hindflipper. 
When the cave was relocated in June 1975, Lefty was present; he 
appeared healthy and maintained his territory throughout the study. 
He was again present in the cave in the summer of 1976, eight years 
after the initial sighting, but was missing in June 1977 (Fleischer 
1978). 
Presence of females-Two factors appeared to determine whether 
or not females would be present on a given territory. The first was 
cover: females were only observed on territories that had some sort 
of available cover, if only an overhanging ledge, under which they 
(and later their pups) could shelter from the sun. In 1975, the mean 
high (shaded) air temperatures recorded on the main study area 
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reached a daily peak of 21.1 °C at 1200 h. Some territories were 
completely enclosed in caves or crevices. 
The second factor was access to water: territories with females 
had either a tidepool or a sheltered bit of shoreline. Females spent 
part of each day immersed and appeared to seek the water more 
actively than males. Tidepools were important during the early days 
of a female's stay on a territory, when her movements were most 
hindered by the resident bull. The two territories on the study area 
that remained empty of females throughout the study lacked both 
cover and unhindered access to water. 
Due to the broken terrain and the fact that none of the animals 
were marked, the movements of most of the females in the study 
area could not be followed. Thus, it was difficult to determine ex-
actly how many females were present on a given territory and to 
calculate an accurate sex ratio. Judging from observations of both 
females and pups, the male-to-female ratio was roughly I :3. The 
greatest number of females observed on a territory at one time was 
13; this territory was situated on a raised, naturally isolated rock 
platform, which contained a large central tidepool and ample cover. 
On the Guadalupe rookery, roomy, open caves appear to pro-
vide the best combination of features attractive to females, and there 
is some evidence that these areas are first occupied by males: the 
adult male Arctacephalus observed on the island by R. S. Peterson 
(deceased, Univ. Calif. Santa Cruz) in early May 1967 were scat-
tered widely along the shoreline and were, he felt, definitely attracted 
to sheltered cave entrance. 
Fighting and boundary displays-No fights, defined here (after 
McCann 1980) as agonistic interactions in which the opponents at-
tempt to physically overpower one another, were recorded between 
territorial males during these observations, which began when most 
adult males were already established on territories. Territorial males 
maintained the boundaries between themselves and neighboring bulls 
by means of mutual boundary displays consisting of series of 
sterotyped behaviors. 
As reported by Peterson and Ramsey (1970), boundary displays 
always occurred at particular topographically well-defmed locations: 
two males encountering one another at some other point along a 
territorial boundary would rush side-by-side to their display site 
before turning to face one another (Fig. 2). In some cases it was 
impossible to determine the exact boundary between two males, 
since most of it was never defended by display. Display sites were 
often the only points of visual contact between males on semi-
isolated territories, and some completely isolated males were never 
observed to interact with their neighbors. The eight territorial males 
on the main study area displayed at mean frequency of 0.23 displays 
per male per hour. 
Figure 3 depicts a typical A. townsendi boundary display se-
quence. Upon reaching a display site, two males turned to face one 
another. One or both of the bulls lowered his chest (generally without 
contacting the ground) and lunged toward his opponent with open 
mouth. If one of the males was positioned above the other, he 
generally lowered his forequarters to compensate for the height dif-
ference. These lunges seldom resulted in physical contact; most 
thrusts ended with the heads of the males positioned about a third 
of a meter apart. 
From this extended position, the two opponents rapidly waved 
their heads from side to side in an open-mouthed feinting motion. 
During this movement, as in the lunge, contact was carefully 
avoided. The head wave, which was performed at the rate of about 
1 per second, occurred from 1 to 12 times in a single display se-
quence; a mean of 2.4 head waves was recorded in 214 displays. 
The sequence was usually terminated, at least temporarily, when 
one or both of the males pulled his forequarters back, lifting and 
turning his head to stare obliquely away from his opponent. These 
oblique stares, first described for Callorhinus by Peterson (1965), 
were often followed by new sequences of lunges and head waves; 
they occurred in 16% of the observed interactions. 
Boundary displays almost always ended when one or both of the 
bulls rotated his entire body to face completely away from his op-
ponent. After several seconds in this position, the males woulJ 
generally move away from the display site. 
Physical contact was observed in only 5, or 2.1 %, of 243 male-
male interactions recorded during the 1975 study. In three instances. 
bites were inflicted during the course of mutual boundary displays; 
in each case, one of a displaying pair of males suddenly lunged 
and bit his opponent on the back or chest. causing him to retreat 
and ending the interaction. These incidents all involved the same 
two males. 
The other two interactions involving physical contact followed 
the crossing of a territorial boundary. In both instances, the offend-
ing male entered a neighboring territory unobserved. Once dis-
covered, the intruder's presence triggered an immediate attack from 
the resident bull. The intruder offered no resistance while on his 
neighbor's territory and, in both cases, was bitten on the hind-
quarters while fleeing back to his own ground. 
Boundary displays varied in duration from short, succinct ex-
changes of less than 10 seconds to extended sequences lasting many 
minutes. Most of the latter were actually composed of several display 
sequences linked by periods of inactivity (usually 1-3 minutes), dur-
ing which males maintained their display positions. In these situa-
tions, it was very difficult to determine where one display ended 
and another began. For example, in one 18-minute interaction, 11 
minutes passed with the two males sitting opposite one another at 
the display site (generally in the oblique stare position). 
Postures and vocalizations from neighboring males were obviously 
important in initiating boundary displays. On the main study area, 
five males that were in constant or frequent visual contact with their 
neighbors were observed to interact an average 0.36 times per hour. 
while three isolated males displayed a mean of only 0.01 displays 
per hour (t6=4.17, P<O.OI). 
The two males whose territories lacked females throughout the 
1975 study interacted with their neighbors an average 0.46 times 
per hour; the six males whose territories sheltered females displayed 
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Figure 3-A. /ownsendi boundary display sequence. (a) Lunge; (b) oblique stare; 
(c) face away (left). lunge (right). 
at the lower rate of 0.16 times per hour, a difference that was not 
quite significant at the 0.05 level (t 6 =2.09). 
Vocalizations-Male Guadalupe fur seals are very vocal during the 
breeding season, and their vocalizations are integral parts of all male-
male interactions. At least four distinct vocalizations are given in 
these and other contexts by males; these vocalizations are described 
below. Unless otherwise noted, the terms are those applied by 
Stirling and Warneke (1971) in their paper describing and com-
paring Arctocephalus vocalizations. 
Full threat call-This is a long, drawn-out vocalization, which 
averages approximately 2 seconds in duration. There is apparently 
great variation in this vocalization in A. townsendi: the full threat 
calls of the males on the main study area differed considerably in 
quaJity, and individual bulls were easily recognizable by their threat 
calls. Figure 4 presents sonagrams of the full threat calls of four 
territorial males. To the human ear, the calls ranged in quality from 
an almost pure. musical tone (male RO) to a hoarse mule-like bray 
(male UI). Most of the threat calls fell between these two extremes 
in tonal qUality. 
This vocalization was characterized as high-intensity threat by 
Stirling and Warneke (1971). It certainly indicates a male's presence 
on territory and his readiness to display (or fight), and is common-
ly accompanied by a distinct head-up posture. The full threat call 
was generally employed over fairly long distances. It was given 
spontaneously, in response to vocalizations from other males 
(generally to other full threat calls). and during male-male interac-
tions. It was often given directly preceding or following a mutual 






















Figure 4-A. townsendi male fulllhreal call. (a) Male RO; (b) Male UI; (c) Male MU; (d) Male EA. 
Boundary puff (Bartholomew 1953)-This is the vocalization 
termed the "male gutteral challenge" by Stirling and Warneke 
(1971). There is apparently some variation in this vocalization 
among the Arctocephalus species. J n A. townsendi, as in A. pusillus 
doriferus and Callorhinus, it consists of a single sharp exhalation 
of air, which results in a harsh, puffing sound (Fig. 5a). 
The boundary puff signifies a high-intensity threat. It was always 
given in conjunction with a belly-down lunge toward an opposing 
male during mutual threat displays. 
Barking-The male bark was first clearly described for this 
species by Peterson et al. (1968). It is a low, repetitive call, with 
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a somewhat nasal and whickery quality. It can vary greatly in rate, 
duration, and volume, depending on the behavioral setting. Like 
the samples of male barking recorded for A. Jorsteria and A. gazelfa 
(Stirling and Warneke 1971), it has quite clearly defined harmonics, 
but is lower in frequency. It also displays the high-frequency 
"shadow" first reported by Peterson et al. (1968; Fig. 5b). 
The intensity of threat implied by this vocalization appeared to 
vary with context. It was the basic "patroling" vocalization, ac-
companying nearly every movement of a male about his territory. 
It was also given with increased intensity during male-female inter-
actions or in response to vocalizations from other males, and at 
an almost frantic rate during boundary displays. 
Figure 5-A. townsendi (a) male whicker-bark; (b) male boundary putT. 
Growl vocalization (this study)-This vocalization, termed a 
.ough by Peterson et al. (1968), consists of a low, gutteral sound, 
which may vary in duration and volume. It appears to be similar 
to the vocalization described for A. jorsteri, A. gazella, and A. 
tropicaiis and termed the "male low-intensity threat" by Stirling 
and Warneke (1971). It may simply be the first portion of the full-
threat call. The growl vocalization was not tape-recorded during 
this study. 
In A. townsendi, this vocalization varies from a low- to a high-
intensity threat; males gave this call when interacting with females, 
in response to distant vocalizations from other males, during 
boundary displays and at the approach of humans. It was generally 
employed at close range. 
The male (and female) submissive call. described by Stirling and 
Warneke (1971) as being common to all Arctocephalus species, was 
not heard during this study. 
Male-female interactions-Female fur seals werc already present 
on the main study area on 12 June, and more continued to arrive 
over the next two weeks. The high count of 10 females was first 
made on 17 June. However, considering the difficulty of locating 
and following unmarked animals on the rugged Guadalupe shoreline, 
it is possible that twice as many females were present on the main 
study area during the course of the study. 
Almost 94% of the observed interactions between males and 
females were agonistic in nature. These generally involved attempts 
by territorial males to herd or make olfactory investigations of 
females, or both, and were almost invariably initiated by males. 
About 2 % of the observed interactions, initiated by females, were 
outwardly ambiguous, and may have been preliminary approaches 
to males by pre-estrous females. Overtly sexual interactions, in-
cluding precopulatory and copulatory behavior, accounted for the 
remaining 4 % of the observed interactions; about three-quarters 
of these were also initiated by females. 
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Males were extremely aware of and attentive to females on their 
territories. Even when resting, they positioned themselves seaward 
of females and reacted to nearly every female movement across 
their territories. These male responses varied in intensity from a 
few whicker-barks emitted from a prone position to rapid intercept-
ing movements, which usualJy ended in an attempt to block the 
female's path and make an olfactory investigation of her facial and 
perineal regions. 
Males appeared to follow newly arrived females more closely. 
In these situations, males seldom moved more than a few meters 
from the females, and they were aroused by very slight movements. 
Males entering the water during these initial periods of female 
presence on their territories generally stayed in tidepools or within 
a few meters of shore. 
Once aroused, a male moved to intercept the female that had 
attracted his attention, generally staying to seaward of her. A male 
whicker-barked while moving and, nearing a female, began moving 
his head from side to side (in what appeared to be a less intense 
version of the head-wave performed during boundary displays). 
Upon approaching a female, a male usually tried to touch noses 
with her briefly, then attempted an olfactory investigation of her 
perineal region. 
Nonestrous females invariably reacted to the male aggressively, 
threatening with an open mouth (often giving a low growl) and 
swinging their hindquarters directly away. Females were general-
ly able to move a few meters away from the male after a single 
encounter of this kind. However, females that held their ground 
and vigorously resisted the male's attentions often triggered a more 
intense response from the male, who would push the female with 
his forequarters, whicker-barking and head-waving with increas-
ing frequency, and physically harass her until she backed down. 
Occasionally, a male remained at the spot vacated by the female, 
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Figure 6-Daily pattern of male A. townsend; activity and mean hourly air temperatures. 
Most of the interactions between territorial males and females 
involved herding as well as investigatory behavior. Males anempted 
to prevent females from leaving their territories or going to sea by 
physically blocking their movements and trying to direct them back 
towards the middle of their territories. Females were often con-
fronted in this manner when they were merely shifting their posi-
tion a few meters or seeking a tidepool in the middle of the day. 
In the presence of human intruders, territorial males were observed 
to retreat to the edge of the sea and turn to face inland, positioning 
themselves to stop females from rushing into the water. 
On two occasions. males dove into the sea after females that had 
appeared a few meters off their territories (pursued there by other 
males) and forced the females to haul out on their territories. In 
both instances, the males exhibited vigorous herding behavior; they 
corralled the females and physically ushered them from the water. 
Although territorial males appeared capable of controlling female 
movements, due in part to the low female densllies and rookery 
topography, they could not prevent females from leaving their terri-
tories. Females went to sea quickJy and quietly, slipping through 
the rocks and into the water without being seen by the territorial 
male. 
Four copulations were observed in the main study area during 
the 1975 study. The first, observed on 20 June, involved a female 
that apparently had no pup and was noticeably smaller than the other 
two females present. This animal may have been nulliparous. The 
other copulations occurred on 29 and 30 June and 1 July, and in-
volved females with pups. Only one copulation anempt was observed 
during the 1977 survey. This attempt, on 6 July, was the latest 
recorded and was apparently unsuccessful. 
In all three cases in which precopulatory oehavior was observed. 
the female was observed to initiate the interaction. The female ap-
proached the male and repeatedly nipped lightly at his neck and 
sides. often bringing her body into physical contact with his. Within 
3 to 20 minutes in the observed cases, the male responded to these 
attentions by attempting to mount the female. 
Females also appeared to terminate copulations. AIl observed 
copulations terminated within 30 seconds after the female began 
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biting the male on his neck and abdomen. This behavior was actively 
aggressive toward the male, in contrast to female precopulatory 
behavior. The mean duration of the copulations observed was 15 
minutes and 55 seconds (with a range of 10 min. 30 sec. to 28 min. 
30 sec.). 
Male-juvenile interactions-On Isla de Guadalupe, immature fur 
seals. including subadults and immatures of both sexes, were usually 
restricted to areas not occupied by breeding animals, and no female-
yearling pairs were seen. One such area was Lobster Camp cove 
(Fig. I), located immediately south of the main study area. This 
area was occupied by 60 to 80 fur seals that appeared to be im-
mature animals of several year classes (Fleischer 1978). No obvious 
bachelor lairs of subadult males were observed. These nonbreeders 
comprised the most active segment of the population, spending a 
good part of each day swimming or interacting in the surf. 
Immature fur seals. particularly subadult males, occasionally 
appeared in the main study area. They often floated a few meters 
offshore with heads raised well out of the water, surveying the near-
by rocks. If a territorial bull was visible on the shore, the intruding 
juvenile or subadult invariably swam away. 
Territorial males always threatened juveniles or subadults that 
they discovered hauled-out on their territories, but their reactions 
varied in intensity. The most common response to an intrusion of 
this sort was a rather low-level threat; whicker-barking, the bull 
slowly approached until the trespasser dashed into the sea. On a 
few occasions. adult males rushed after fleeing juvenile fur seals. 
anempting to bite them on the hindquarters, and even pursuing them 
into the water. Intruders eliciting this reaction frem territorial mldes 
were subadults large enough to possess obvious male characteristics. 
Daily patterns-The level of male activity on land (including all 
movements, vocalizations. and interactions with other individuals) 
remained fairly constant between 0600 and 1800 h, accounting for 
6 to 10% of total observation time and showing no definite daily 
cycle (Fig. 6). Swimming accounted for 3-18% of the observed 
activity, peaking about midday and remaining at a relatively high 
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Figure 7-Seasonal pattern of male A. townsendi activities and mean daily air temperatures. 
level throughout the afternoon. There was a strong positive cor-
relation between time spent in the water and the hourly mean air 
temperatures recorded on the main study area (t1O=4.35, P<.OI). 
Upon entering the water, males commonly swam 5-15 m from 
shore and began grooming. Males whose territories contained 
females seldom ventured farther than 10 m from shore. especially 
during the first few days after the females had arrived. One male. 
whose territory centered around a large, protected tidepool, was 
observed to go to sea only once, late in the study, when females 
were no longer present on his territory. Males whose territories 
lacked females swam farther out and along the shore, and often 
disappeared for periods of a few minutes to se';eral hours. 
Frequency of boundary displaying showed a weak negative cor-
relation with mean air temperature throughout the day (t 10= 1.59, 
P>. I). Display frequency rose to a peak in midmorning (0900-1000 
h), then declined to a low in midafternoon (1400-1500 h). Mean 
air temperatures recorded from a shaded thermometer mounted 
above the study area were highest at 1200 h (mean temperature 
recorded at 1200 h was 21.1 0c). However, ambient temperatures 
were probably highest down on the shoreline rocks ill midafter-
noon, when reradiation of heat from the substrate was greatest. 
Seasonal pattems-The general low level of male activity was 
maintained throughout the study (Fig. 7). Males in both the main 
and cave study areas were active during 20 % of the hours of obser-
vation; of this active time, 11% was spent swimming, 7% in move-
ment on territory, and 2 % in direct interactions with other 
individuals (both males and females). No significant correlation was 
found between these activities and mean daily air temperature. 
For the period 29 June through 11 July, the activity pattern of 
a male located on an exposed territory in the main study area was 
compared with that of a male whose territory was enclosed in the 
cave study. The main-area male was active 26% of the observa-
tion time during this period; swimming accounted for 20 %, move 
ment on territory for slightly less than 5 %, and interactIOns with 
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other individuals for approximately 1 %. The cave-area male was 
active 2 I % of the observation time; he spent 9% of the time swim-
ming, approximately 10% in movement about his territory, and 
somewhat less than 2 % in interactions with other individuals. Thus, 
the male with the exposed territory spent more time in the water, 
but was less active on land than the male whose territory was 
sheltered in a cave. 
Female behavior 
Although a few females were already present on the Guadalupe 
rookery when observations began un 12 June 1975, the major in-
nux of females began in the thiru week of June, and females con-
tinued to arrive throughout the month. Many females appeared to 
land at night or very early in the morning; most new arrivals in 
the main study area were sighted between 0600 and 0630 h. 
However, females did haul out on the rookery throughout the day. 
Adult females were gregarious. As Peterson and Ramsey (1970) 
reported, females arriving on a territory generally moved toward 
any females already present, and females tended to aggregate. There 
were limits to this gregariousness, however; the approach of a 
female to within about I m of another almost invariably resulted 
in an aggressive interaction between the two. Females always 
threatened one another with opened mouths, often emitting low, 
growling threat vocalizations. These encounters usually lasted only 
a few seconds, ending when one of the females backed off and 
moved away. No physical contact was observed during these 
interactions. 
Territorial males often reacted to female-female interactions by 
rushing over and attempting to investigate both the participants. 
Females interrupted in this manner would immediately tum to con-
front the intruding male, threatening him with opened mouths and 
backing away. 
Parturition-Before parturit;on, females were relatively inactive 












Figure 8-A. lownsendi (a) pup attraction cal! and (b) female attraction cal!. 
ing quietly, generally moving only to avoid males or to enter 
tidepools. Although no births were observed, the approximate period 
between arrival and parturition was determined for five females: 
the range was 2.5 to 6 days, with a mean of approximately 4 days. 
In June 1968, Peterson and Ramsey (1970) recorded a birth 30 hours 
(or 1.25 days) after the arrival of the female. 
In 1975, the first pup detected was heard (but not seen) on 14 
June. The first pup observed on the main study area was born on 
16 June, and other pups were probably born in the main and cave 
study areas on 17, 19 (two births), 23, 26, 27, and 29 June. The 
two births observed by Peterson and Ramsey (1970) in 1968 oc-
curred on 25 and 29 June. Pupping had apparently passed its peak 
by the end of June, but births occurred at least until the end of July; 
the latest birth reported by Fleischer (1978) occurred on 22 July 
1976. 
On 26 June 1975, a freshly expelled placenta was observed at 
0900 h, indicating that the pup had been born between 0800 and 
0900 h. The two births reported by Peterson and Ramsey (1970) 
occurred at approximately 1000 and 1250 h, respectively. 
R. S. Peterson (deceased, Univ. Calif. Santa Cruz, unpubl. data) 
described a birth that occurred on 25 June 1968. When the female 
first attracted his attention, she was vocalizing, giving the low-pitched 
pup attraction call (first described for A. townsendi by Peterson et 
al. 1968; Fig. 8a). The female turned and nuzzled her perineum, 
then began circling slowly. That was apparently the onset of labor; 
the pup was born 3.5 minutes later in a cephalic presentation. 
At birth, the pup's eyes were open and its movements were 
clumsy, but vigorous. It began vocalizing within 15 seconds after 
birth, emitting the bleating female attraction caJl (Stirling and 
Warneke 1971; Fig. 8b). After a brief delay, the female answered 
with pup attraction calls. She grasped the pup several times with 
her mouth without lifting it as it nuzzled at her belly. The placenta 
was expelled 32 minutes after the pup had been born. Forty-four 
minutes after its birth, the pup appeared to be suckling successfully. 
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Maternal Behavior-Females were observed to nurse their pups 
as many as six times per day, although they averaged about two 
bouts per day. The mean duration of observed nursing bouts was 
18.5 minutes (none was observed to last longer than 33 minutes). 
Nursing bouts were generally intermittent rather than continuous. 
When not nursing, females continued their usual activities of 
sleeping, grooming, and lolling in tidepools, and interacted very 
little with their pups. They often wandered 5-10 m away from their 
pups and could be very slow in responding to their vocalizations. 
At times, females simply remained where they were and answered 
their pups' cries with attraction calls, forcing the pups to crawl to 
them. Females did make efforts to move their pups out of the surf, 
often picking them up in their teeth and carrying them upslope. 
Females behaved aggressively toward pups other than their own. 
After sniffing a pup and determining that it was not her own, a 
female would immediately threaten it. On several occasions, females 
were observed to bite alien pups. One pup was picked up bodily 
and thrown by a female that it had approached. 
Figure 9 depicts the time spent on the rookery by six females 
during the 1975 breeding season. Each female's stay on the rookery 
is followed from her arrival to her first departure to sea to feed 
and, in three cases, to her first return to the rookery. The dates 
of parturition are indicated where known. 
The observed period between parturition and copulation ranged 
from 5 to 10 days, with a mean of 7.3 days. One female left the 
day after she copulated; two others remained with their pups for 
at least two days before departing. 
The length of time spent at sea on the first feeding trip was deter-
mined approximately for three females, ranging from 2 to at least 
5 (and probably 6) days. A pup on Peterson's 1968 study area re-
mained alone and unfed for at least 7 days (R. S. Peterson, deceased, 
Univ. Calif. Santa Cruz, unpubl. field notes). 
Mutual recognition between mother and pup was apparently 
achieved by means of vocalizations and, at close range, by olfac-
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Figure 9-Time spent on the rookery by six female A. townsendi. P = parturi-
lion; C = copulation. 
tory communication. Females approached by alien pups always 
investigated by sniffing before repulsing them. 
The timing of subsequent feeding trips to sea and stays on land 
could not be determined during this study. This was mainly due 
to two reasons: the difficulty of following individual, unmarked 
females; and the presence of heavy storm-generated surf during 
much of the latter 2 weeks of the study. Storms caused many females 
to seek shelter in crevices or under rocks, and may have swept a 
few completely away. One female may have been back ashore for 
only 2 days before returning to sea on her second feeding trip. 
This cycle of alternating feeding trips to sea and sojourns on land 
probably lasts for at least 8 months. Females and their pups appear 
to remain associated through the following winter, and a pup has 
been observed suckling as late as April (M. Bonnell and M. Pier-
son, Univ. Calif. Santa Cruz, unpub!. data). 
DISCUSSION ____________ _ 
Male territoriality 
In general, the reproductive behavior of the Guadalupe fur seal ap-
pears to be quite similar to that reported for other species in the 
genus Arctocephalus (Vaz-Ferreira 1956: Paulian 1964; Rand 1967; 
Bonner 1968,1981; Stirling 1970, 1971a,b; Stirling and Warneke 
1971; Miller 1974,1975; Gentry 1975; Warneke and Shaughnessy 
1985). 
Adult male Guadalupe fur seals presumably spend most of the 
year at sea, since they are absent from the island outside the breeding 
season. They begin arriving on Isla de Guadalupe in early May, 
and incipient territorial behavior has been observed at that time (R. 
S. Peterson, deceased, Univ. Calif. Santa Cruz, unpub!. data). 
Fighting between Arctocephalus males occurs when they are con-
tending for, expanding, or reclaiming territory (Gentry 1975; Miller 
1975; McCann 1980; Bonner 1981; Warneke and Shaughnessy 
1985). Since most of the A. townsendi adult males were already 
present on the rookery and established on territories when this study 
began on 12 June, it is not surprising that no fights were observed. 
If there had been a peak of fighting, it occurred at least a week 
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earlier. Given the low breeding population density and the physical 
isolation of many territories, it is possible that many males acquire 
territories without fighting. 
The observed level of boundary display activity engaged in by 
territorial A. townsendi males on the Guadalupe rookery is also 
relatively low. A mean rate of 0.23 displays per male per hour was 
recorded for the eight males on the main study area, while mean 
display rates of 0.6 displays per male per hour (A. forsteri; Gentry 
1975) to 1.2 displays per male per hour (A. gazella; McCann 1980) 
have been reported for other Arctocephalus species. 
It seems likely that apparently subadult males were able to main-
tain territories on the Guadalupe rookery because of the low popula-
tion density. Continued increase in the size of the breeding popula-
tion would probably result in the exclusion of younger males from 
rookery areas and in a general increase in the number and level 
of agonistic interactions between males. 
Peterson (1965) recorded a mean of 47 days on territory for 16 
adult male northern fur seals, Callorhinus ursinus, on the Pribilof 
Islands, while terms of tenure reported for Arctocephalus males 
of several species have been somewhat shorter, ranging from 34 
to 38 days (Stirling 1971a; Gentry 1975; McCann 1980). The mean 
tenure of 29.5 days recorded in this study is obviously low; males 
probably abandon the rookery in late July or early August, and it 
is possible that the term of territorial tenure is in excess of 40 days. 
However, the mean term of A. townsendi territorial tenure will 
probably shorten if the population continues to grow. The percent-
age of time spent in the water each day by territorial males, the 
strong correlation between time spent in the water and hourly 
recorded mean temperatures, and the observed differences in ter-
restrial activity levels between males on sheltered and unsheltered 
territories are all evidence that a certain level of thermal stress is 
associated with maintaining a territory on the Guadalupe rookery, 
even at present population levels. This, given a density-related in-
crease in the intensity of male-male competition, should lead to a 
greater turnover of territorial males during the course of a breeding 
season. 
In the Callorhinus breeding population on Robben Island studied 
by Bychkov and Dorofeev (1962), males held territory for signif-
icantly shorter periods of time than males in the SI. Paul Island 
population studied by Peterson (1965). Peterson believed that much 
of this difference could be explained by the higher summer air 
temperatures on the Soviet rookery, which resulted in greater 
thermal stress on territory holders. A density-related increase in 
the intensity of male-male competition for territories under a more 
or less constant air temperature regime on the Guadalupe rookery 
should have the same effect. It should also make it unlikely that 
inland territories could be established on more than a temporary 
basis. 
One male Guadalupe fur seal, Lefty, was possibly present at the 
same location for at least 9 consecutive breeding seasons-a long 
time for an otariid male to hold territory. Adult male Callorhinus 
on the Pribilof Islands generally hold territory for 3-4 years (Baker 
et al. 1970). On the Ano Nuevo Island Steller sea lion (Eumetopias 
jubatus) rookery, the mean tenure is somewhat less, 2-3 years, 
although one male held the same territory for seven consecutive 
seasons (R. Gisiner, Univ. Calif. Santa Cruz, pers. commun.). 
Similarly, Warneke and Shaughnessy (1985) reported that A. 
pusillus doriferus may hold territory for as many as six consecutive 
seasons, but that the average male reproductive career lasts only 
1.8 years. 
Males of most Arctocephalus species reach sexual maturity at 
4-5 years of age, but do not attain social maturity, or territorial 
status, until 8-13 years, (Mattlin 1978; Payne 1979; Bonner 1981; 
Warneke and Shaughnessy 1985). The male Lefty was identified 
as an adult by Peterson and Ramsey (1970) when he was discovered 
in 1968; by 1976, the last year in which he was observed, he was 
probably at least 13 years old. 
Breeding habitat 
In contrast to the present distribution of A. lownsenai , most otariid5 
breed on the windward sides of islands, a tendency which presum-
ably lessens the thermoregulatory stress associated with terrestrial 
activity (Paulian 1964; Peterson and Bartholomew 1967; Peterson 
and Ramsey 1970) . Peterson and Ramsey (1970) suggested that the 
occupation of the east side of Isla de Guadalupe, which is sheltered 
from the rough seas found on the west side of the island , may reduce 
pup mortality. They also pointed out that most of the rookery areas 
on the eastern shoreline receive only morning sunshine, since the 
high cliffs block out much of the hotter afternoon radiation . Another 
possible explanation for the present distribution of A. IOwnsendi 
is simply that the surviving remnant of the population inhabited the 
east side of the island and, because of its strong site tenacity, the 
population has not yet spread to the west side. 
The breeding population is scattered along the length of the 
rookery and, in most areas, the density is quite low. This is par-
tially due to the small population size. However, as discussed by 
Peterson and Ramsey (1970) other otariid populations have tended 
to haul out in dense aggregations even when few in number (Osgood 
et al. 1915; Csordas and Ingham 1965). 
Peterson et al. (1968) suggested that there may have been some 
selection for shy and secretive individuals during the period of in-
tensive sealing during the nineteenth century, and that these seals 
survived to form the nucleus of the present breeding population. 
Although some selection for individuals exhibiting these behavioral 
traits may have occurred, the results of this study indicate that the 
present, scattered distribution is due primarily to the small popula-
tion size and the topography of the stretch of shoreline now 
occupied . 
It has been suggested that the presence of extensive areas of highly 
polished shoreline rock on Isla de Guadalupe indicates that the fur 
seals once occupied &horeline on both sides of the island in great 
numbers and, presumably , in dense aggregations (Bartholomew and 
Hubbs 1952; Hubbs 1956; Peterson et al 1968) . The species' well-
defined sexual dimorphism (adult males weigh roughly three times 
as much as adult females; Fleisher 1978) is also evidence that 
vigorous male-male competition for territories and access to females 
and a fairly high degree of polygyny existed in the past (Peterson 
and Bartholomew 1967; Peterson 1968; Bartholomew 1970). 
If the population continues to grow , I would expect the species' 
social organization to change in that direction . As density on !he 
rookery increases, within the limits afforded by the topography of 
t.he Guadalupe shoreline, the intensity of male-male competition 
will also increase , resulting in greater turnover of territorial males 
and shorter average tenure . Subadult males will no longer suc-
cessfully hold territory in the rookery. 
Fur seals will probably begin breeding in suitable areas on the 
windward west side of the island , and will continue to appear on 
the California Channel Islands with increasing frequency. Eventu-
ally, they may reestablish a breeding colony on the Channel Islands, 
where they once occurred in considerable numbers (Walker and 
Craig 1979). 
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During the breeding season, individual recognition was studied in different age 
groups and sex classes of the subantarctic fur seal ArcIocephoJus tropicolis on Amster-
dam Island. Of all the possible cues, vocal signals are the most important. Detailed 
analyses of the behavioral sequences, together with play hack experiments in the 
field, show that individual recognition occurs between the females and their pups 
and also between the territorial males. The biological significance of !hi<; is discussed. 
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~ODUCTION ____________________ --
Fur seals generally breed in high-density colonies. The duration of 
the suckling period for pups is long, lasting from several months 
to more than 1 year according to the species. During this period the 
pups are land based, while the females alternate between feeding trips 
at sea and suckling attendance on shore. 
Observations of most species of fur seals suggest the existence of 
an elaborate recognition system between mothers and their pups: 
Callorhinus ursinus (Bartholomew 1959), Arctocephalus Jorsteri 
(Stirling 1971b; Stirling and Warneke 1971; McNab and Crawley 
1975), A. tropicalis (Paulian 1964; Bester 1977), A. galapagoensis 
(Trillmich 1981), A. australis (Trillmich and Majluf 1981), and A. 
townsendi (pierson 1987). Most authors agree that mothers seem to 
take a more active part in the recognition process than the pups, but 
Trillrnich (1981) gave evidence (playback experiments) that the pups 
of A. galapagoensis can recognize their mothers' vocalizations. 
Although the ability of the fur seal mothers to recognize their own 
pups is obvious in the field, neither experimental proof nor studies 
of the different cues and mechanisms involved have been published. 
The existence of individual recognition between adult males has been 
suggested in A. Jorsteri (Stirling 197Ia). Our paper presents some 
preliminary results from a study of individual recognition processes 
in A. tropicalis. 
STUDY SITE 
AND METHODS ___________________ _ 
Behavioral studies of A. tropicalis were carried out on Amsterdam 
Island (lat. 37°50'S, long. 77°35'E) from September 1981 to March 
1982. The Amsterdam Island population is recovering from overex-
ploitation during the last century. Within the 1981-82 breeding season, 
35,000 fur seals hauled out on Amsterdam Island (Hes and Roux 
1983). Almost the entire coastline of the island (28.5 km) is used 
by the seals, and breeding colonies occupied 81 % of the coastline 
in 1982 (Roux 1987), where nearly 11,000 pups were born (Roux 
1982). 
The study colonies were situated along the north coast and have 
the typical island biotope (jumbled rocks and rocky platforms backed 
by cliffs). The density of seals on these colonies was medium to high 
for the island (Roux 1987). 
Two metal tags bearing the same number were attached to the trail-
ing edge of the pups' fore flippers. Some pups' backs were also 
marked with enamel paint spots (green or orange). Adult males and 
females, which could not be individually recognized by means of 
wounds or scars, were marked with enamel paint spots on the back 
or on the base of the fore flippers. 
Prior to the arrival of the females, the territorial status of the males 
was determined by direct observation of male interactions and charg-
ing behavior. 
A Uher 4000 Report portable tape recorder was used for the sound 
recordings at a tape speed of 19 cmls with a Beyer Dynamic M69N 
microphone or a Sennheiser MKH 815T directional microphone. 
All recordings were made from a distance of I to 6 m from the 
animals. 
In the laboratory, calls were analyzed with a Kay Elemetrics Sona-
graph 6061B using the linear scale and the 80-8,000 Hz frequency 
range. Filter resolution was 45 Hz for frequency measurements and 
300 Hz for duration and temporal pattern measurements. The sec-
lioner was used with 45-Hz filter resolution to quantify the relative 
amplitude levels of the different harmonics. 
Playback experiments were effected on adult males, adult females, 
and pups in the breeding colonies using the internal amplifier of the 
Uher tape recorder connected to an Audax loudspeaker with a 12-m 
coaxial lead. 
Playback experiments on males were made in November 198!, 
after they had established their territories and before the colony 
became crowded with females and pups. During this period adult 
males represented about 60% of the animals on the breeding colorues, 
most of them being territorial (Roux and Hes 1984). Two colonies 
of similar structure and territory density, 1,200 m apart, were 
selected. Males in both of these colonies were tested with a record-
ing of a series of 11 territorial calls from one male lasting 80 seconds. 
The loudspeaker was placed 5 m from the male being tested. Dur-
ing the playback all reactions (vocal and behavioral) were noted. 
Males holding territories on the same beach as the recorded male 
were noted as "Neighboring Males" and males from the other beach 
as "Strange Males." 
Playback experiments on females and pups were carried out when 
the pups were 30 to 65 days old. Again, the loudspeaker was placed 
5 m from the animal being tested. and reactions were noted during 
the whole duration of the playback. Each animal was tested with no 
more than three recordings over a period of 4 days to avoid any 
habituation. Females were tested soon after their arrival ashore after 
a feeding trip at sea but before they had iocated their pups. These 
tests consisted of playbacks of eight female attraction calls from their 
own pups and, as a control, eight female attraction calls from other 
pups. Similarly, the pups were tested at least 24 hours after the depar-
ture of their mothers; the tests consisted of playbacks of eight pup 
attraction calls from their mothers and, as a control, a series of those 
from other females. 
RESULlS __________________________ __ 
Description and nomenclature of calls 
Territorial call (TC)-The territorial call (TC) is a long-distance 
undirectional vocalization characteristic of adult territorial males, i.e., 
limited to the breeding season from November to April. This call 
is emitted in a posture similar to the howling posture of canids, i.e., 
with head and neck oriented upward or upward and forward. It is 
emitted spontaneously or in response to other male vocalizations and 
particularly other TCs. Different authors working on various species 
of fur seals have described this call as: male roar for A. tropicalis 
(Paulian 1964), high pitched roar for A. tOlvnsendi (Peterson et al. 
1968), trumpeted roar for C. ursinus (Peterson 1968), full threat call 
for A. Jorsteri (Stirling 197Ia), male threat call for A. tropicalis 
(Bester 1977), full threat call for A. australis (Trillmich and Majluf 
1981) and full threat call for A. townsendi (Pierson 1987). They are 
thought to be an advertisement of territorial status (Peterson 1968; 
Stirling 1971a; Bester 1977; Pierson 1987). 
Interindividual variability of TCs was noticed in A. Jorsteri (Stirling 
1971 a), A. australis (Trillmich and Majluf 1981), and A. townsendi 
(Pierson 1987) suggesting that individual recognition, based upon 
these calls, is possible. 
Pup attraction call (PAC)-The pup attraction call (PAC) is a long 
distance call used by the females when searching for their pups, par-
ticularly after returning from a feeding trip at sea. Generally, the 
females emit this call from the shoreline, in a posture where the neck 
and the head are oriented upward and forward or directed towards 
a particular pup calling in the colony. PACs have been described 
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in C. ursinus (Bartholomew 1959), A. tropicalis (Paulian 1964), A. 
ga;;ella (Bonner 1968), A. townsendi (peterson et al. 1968), A. Jorsteri 
(Stirling 197Ia), A. pusillus (Stirling and Warneke 1971), A. gala-
pagoensis (Trillmich 1981), and A. australis (Tri1lmich and Majluf 
1981). The function of this call in the mother-pup recognition pro-
cess is obvious and accepted by all these authors. 
Female attraction call (FAC)-This high-frequency bleat, character-
istic of pups, is principally used in response to a PAC by hungry 
pups searching for their mothers. This call is utilized during the whole 
lactation period. Like the PAC, the female attraction call and its role 
are known for all the fur seal species and have been described as: 
tremulous bleating for A. tropicalis (Paulian 1964), penetrating 
bleating for A. gazella (Bonner 1968), bawl (pup response) for C. 
ursinus (peterson 1968), female attraction call for A. Jorsteri (Stirling 
1971a; McNab and Crawley 1975), female attraction call for A. 
tropicalis (Bester 1977), female attraction call for A. galapagoensis 
(Trillmich 1981), female attraction call for A. australis (Trillmich 
and Majluf 1981), and female attraction call for.4. townsendi (Pier-
son 1987). 
For A. tropicalis (probably as well as the other species). it seems 
that the main function of this calJ is not to attract the female (since 
it is usually the pup who moves towards the calling female) but rather 
to respond to a PAC, inciting the mother to emit another PAC. A 
similar process has been described in Zalophus caliJomianus, and 
the pup's call was described as mother response call (Peterson and 
Bartholomew 1969). 
Other calls and postures-For the other calls noted during the ex-
periments: (threat call ThC; male bark or wickering Wic), as well 
as for the postures (Full Neck Display FND; Open Mouth Display 
OM; Alert Posture AP), we followed the nomenclature of Stirling 
(l971a,b). 
Individual recognition between territorial males 
The playback experiments were performed on 32 diffcrent territor:al 
males (15 neighboring males and 17 strange males), all of which 
~eacted to the playback. Of these, 23 males (14 neighboring and 9 
strange) responded only to the tape. The others were involved in 
an interaction with one or more of their neighbors during the 
playback. 
In response to the playbacks, during the experiments the territorial 
males used seven identified vocalizations or postures: alert posture 
(AP), open mouth display (OM), threat call (ThC), bark (Wic) , full 
neck display (FND), territorial calJ (TC), and movement (Mov). The 
analysis of the responses of the 23 males that responded only to the 
playbacks (Fig. I) shows that the neighboring males utilized signif-
icantly fewer items of the repertoire (x=2.3, SD=I.64) than strange 
males (x=5.1, SD=0.78, P';;;O.ooJ). A male responds less to the 
TCs of a neighbor than to those of a strange male, the difference 
being particularly noticeable in the agonistic reactions (threat calls, 
open mouth displays, and movements; Fig. I). This result proves 
that a territorial male is able to discriminate between the TCs of one 
of its neighbors and the TCs of a strange male and that some kind 
of habituation takes place between the neighbors. 
Although the responses of the males that were involved in an inter-
actIOn with another animal during the experiment are more difficult 
to analyze and are not comparable, it is interesting to note that strange 
males (who tend to respond more to the playback and more aggres-
sively) were more often involved in a boundary display during the 














































Figure I-Responses from territorial males to a playback of II territorial calls. 
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To measure TC interindividual variability on sonograms (Fig. 2), 
the duration (D) and the two frequencies of highest amplitude (FI 
and F2) of 4 to 16 TCs from 5 different males were compared pair-
wise. At least one out of these three measurements was significantly 
different for each of the 10 different pair combinations (Table I). 
The three parameters studied here represent, in fact, only a very small 
part of the TC interindividual variability, as the structure of the call 
(particularly the pattern at the beginning and the end of the calls) 
also clearly separates the different individuals (Fig. 2). These dif-
ferences provide a sufficient physical basis for individual recogni-
tion of the TC~. 
Individual recognition between females and pups 
When a female returns from a feeding trip at sea, she usually starts 
calling (PAC) soon after hauling out. Generally, several tens to several 
hundreds of pups are present within her calling range but only a few 
respond. The females are quite aggressive towards pups, and the pups 
are quite reluctant to approach just any female. Before the reunion, 
the female and her pup always exchange vocalizations. In most cases 
the first pup to join a given female is actually her own pup. During 
this study all the marked pups were seen suckling only their mother 
(N=92). These observations suggest that a long-range mutual recogni-
tion system does exist between the females and their pups. 
Females are able to locate their respective pups (when they vocalize) 
without seeing them (behind or under rocks, in caves or crevices). 
Furthermore, the appearance of the pup is quite variable during the 
nursing period (wet, dry, muddy, molting, etc.) and artificial changes 
(coloring) do not affect the female's recognition ability. Pups do not 
seem to use visual criteria when moving towards their mothers. 
Hence, if the female discontinues her PACs when the pup is still 
far away (10 m or more), it is generally unable to locate its mother 
and wanders around sniffing rocks, other pups or females, and even 
adult males or human observers. Thus, visual cues do not seem to 
play any significant role in the mutual recognition process between 
females and pups. 
Olfactory signals certainly playa role, but only at close range (a 
female is able to discriminate between a strange pup and her own 
after nuzzling, when two silent pups are presented to her: N=4). 
But olfactory recognition does not seem to be a prerequisite since 
some retrievals take place without the traditional nuzzling (five cases). 
Furthermore, it is possible to inhibit the nuzzling behavior (by spray-
ing the pup's head and back with eaU de cologne) without affecting 
the acceptance of the pup by its mother as long as it is vocalizing 
(N= 10). 
When a female started calling after hauling out on the study colony, 
four pups responded to at least one of her five fust PACs (x =4.1, 
SD= 1.3, N= 10), but only one ortwo pups actually moved towards 
the calling female (X= 1.5, SD= lA, N= 10). The difference between 
the number of pups responding to a given female and the number 
of pups moving towards her is highly significant and shows that during 
this first phase a selection occurs. 
The results of the playback experiments on females are presented 
in Figure 3. All the females tested with their own pups' vocaliza-
tions responded with PACs (N=32), while none of those tested with 
strange pups' FACs responded (N=15). Thus, females recognize 
their own pups' vocalizations. 
All the pups responded when tested with a playback of their 
mothers' PACs (N=9), while most of them did not respond when 
tested with PACs from a strange female (Fig. 4). Pups tested with 
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Figure 2-Comparison of sonograms of lbe territorial calls (fC) from five different males: left, four TCs from the 
same male; right, four TCs from four different males. 
Table I-Pair-wise comparison of lbe distinctiveness of 
territorial calls from five different males. The thr"" 
measured parameters are lbe duration orlbe caD (D), and 
!be two frequencies of higbest amplitude (FI and F2). 
Sigoif'K8IICe level (S) when P';O.01 (t-test). 
Male VI ill F va 
D os S os os 
A Fl S S S S 
F2 S S S 
D S ns os 
VI Fl ns S S 
F2 
D S ns 
ill FI ns S 
F2 S S 
D os 
F FI S 
F2 os 
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(x=3.7, SD=O.8) thlln pups tested with another female 's PACs 
(x=O.3, SD=O.5, P<O.OOI). 
Interindividual variability of PACs and FACs have been inves-
tigated in the same way as for the TCs of the males (Figs . 5, 6; Tables 
~, 3). Measurements were taken of the sonograms from 32 PACs 
of five different females and 40 FACs of five different pups. As was 
the case for TCs, we can conclude that the interindividual variabil-
ity of both PACs and FACs provide a sufficient physical basis for 
individual recognition by the pup and the mother, respectively (al-
though lout of the 10 different PACs pair combinations did not show 
any significant difference; Table 2). 
DISCUSSION ____________ _ 
As with other Arctocephalus species (Gentry 1975; McCann 1980), 
the frequency of fights and boundary displays between two n.::ighbor-
ing territorial males decreases significantly a few days after the estab-
lishment of the neighbor pair, suggesting that some kind of habitua-
tion takes place. During this period of territorial establishment, A. 
tropicalis males utilize territorial calls the most. The interindividual 
variability of TCs permits individual recognition between males, and 
even human observers are usually able to distinguish between the 
TCs of different males. The playback experiments show that a 
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Figure 5-Comparison of sonograms of the pup attraction calls from five different females: left, four PACs from the 
same female; right, four PACs from four different females. 
territorial male is able to discriminate between the vocalizations 
of a neighbor and those of an unknown male. Furthermore, for 
established neighbor pairs, a given male reacts less and less ag-
gressively toward one of its neighbor's vocalizations than toward 
those of a strange male. Thus individual recognition, based upon 
TCs, contributes to the establishment of the observed habituation 
even on a very rugged terrain where the other possible cues (visual, 
olfactory) would be inoperative. Interestingly, of all Arctocephalus 
species the only ones known to use TCs are precisely those breeding 
generally on rugged terrain, i.e., A. tropicalis (this study), A. Joweri 
(Stirl ing 1971 a), and A. townsendi (Pierson 1987), as opposed to 
A. pusillus and A. gazella (Stirling and Warneke 1971) which 
generally breed on more open beaches and do not utilize such calls. 
Since habituation between neighbors occurs in such species as well 
(McCann 1980), other cues to individual recognition (visual, olfac-
tory) must be utilized by these males. 
While feeding at sea, the females are absent from the island for 
several days. The pups are quite sedentary in the colony where they 
were born, although some do disperse. (Marked pups, 2.5 months 
old, have been seen I to 3 km away from their birth sites and then 
seen again a few days later back in their original colony with their 
mother.) In addition, the actual site where the mother and her pup 
reunite remains relatively constant for each female-pup pair. So, 
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as was suggested for C. ursinus (Peterson 1968), it seems likely 
that the primary orientation for the mother to reunite with her pup 
(and for the pup to fmd its mother) must be geographical. Thereafter, 
the vocalizations (PACs and FACs) play the most important role 
in the mutual recognition system between the female and her pup: 
hence vocalizing is the only prerequisite to any reunion between 
a mother and her pup. 
As suggested for most species, the females recognize their pups' 
FACs, and as has been shown in A. ga/apagoensis (TrilJmich 1981). 
A. trupicalis pups also recognize their mothers' vocalizations 
(PACs). The pups' ability to recognize their mothers' vocalizations 
is less selective than the females' discriminating ability during the 
playback experiments (females only responded to their own pup's 
FACS; Figs. 3 and 4). This is consistent with the observations of 
more than one pup (x=4) initially responding to any given female 
calling in the colony. Therefore, the mother takes a more active 
part in the auditory mutual recognition process than the pup. 
The calls emitted by adult females and males which carry iden-
tity information (PACs and TCs, respectively) show striking struc-
tural similarities; a large overlap exists for all the measurements 
on the sonograms (Fig. 7). The posture in which females and males 
emit these calls is also similar. Although the functions of these calls 
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Figure 6-Comparison of sonograms of the female attraction calls from five different pups: left, four FACs from the 
same pup; right, four FACs from four different pups. 
Table 2-Pair-wise comparison of the distinctiveness of Table 3-Pair-wise comparison of the distinctiveness of 
pup attraction calls from five different females. female attraction calls from five different pups. 
Significance level (S) when P';;O.OI (I-test). D = dura- Significance level (S) when P';;O.OI (I-test). D = dura-
tion of call; FI and F2 = two frequencies of highest tion of call; Fl and F2 = two frequencies of highest 
amplitude. amplitude. 
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Figure 7-VariabWty of the three calls supporting individual recognition according to the three parameters measured on the 
sonograms (Mean ±SD): TC = 40 caUs from 5 different males; PAC = 38 calls from 9 different females; FAC = 45 calls from 
10 different pups. 
in fact, analogous calls used by the two sexes. These two calls, 
which carry identity information, are utilized by the males as ter-
ritorial calls (allowing habituation between the neighbors) and as 
pup attraction calls by the females (permitting individual recogni-
tion by their pups). 
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ABSTRACT 
, 
Sightings of adult and juvenile Guadalupe fur seals, Arc/ocephalus /ownsendi, at 
some of the Southern California Channel Islands have become more common dur-
ing the past decade. Since 1969 we have made 43 sightings of Guadalupe fur seals, 
primarily of suhadult and adult males, at San Nicolas and San Miguel Islands. 
One adult A. townsendi was present at San Nicolas Island each summer from 1981 
through 1986. He defended a territory among breeding California sea lions and 
attempted to herd and mount the females; he successfuUy mounted three females, 
and intromission apparently occurred once. In each interspecific interaction 
observed, adult Guadalupe fur seals appeared to be socially dominant to Califor-
nia sea lions. These observations suggest that Guadalupe fur seals are likely to 
be successful in obtaining space for breeding among California sea lions on the 
Southern California Channel Islands. Reestablishment of a breeding population 
in the Southern California Bight may therefore depend primarily on a continued 
increase in abundance of Guadalupe fur seals in U.S. waters. This increase in 
abundance will, however, ultimately depend on the continued growth of the 
population at the species' sole colony in Mexican waters at Isla de Guadalupe. 
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INTRODUCTION AND METHODS ________________________ __ 
The Guadalupe fur seal, Arctocephalus townsendi, apparently ranged 
historically from Isla Revillagigedo northward to Point Concep-
tion, California (Morrell 1832; Townsend 1899; Starks 1922; Lyon 
1937; Repenning et al. 1971), and archaeological evidence sug-
gests that Guadalupe fur seals may have been abundant at San Miguel 
Island (lat. 34°02'N., long. 120022'W; Walker and Craig 1979). 
Other than the interesting report of "three Guadalupe fur seal bulls" 
at Piedras Blancas in 1938 (Bonnot et al. 1938; Bonnot 1951), the 
only confirmed records of Guadalupe fur seals north of Point Con-
ception are two recent strandings (Roletto 1984; Webber in press). 
Guadalupe fur seals were harvested commercially for their pelts 
off the coasts of Alta and Baja California by sealers and sea otter, 
Enhydra lutris, hunters from the late 1700s through the late 1800s 
(Morrell 1832; Townsend 1899; Odgen 1941; Hubbs 1956; Busch 
1985). The last recorded commercial catch was in 1894 at Isla de 
Guadalupe, and the species was believed to be extinct in 1897 
(Hubbs 1956). It reappeared briefly in the 1920s (Hubbs 1956), 
but confirmed sightings were not reported again until 1949 when 
a subadult male was seen at San Nicolas Island (lat. 33° l5'N, long. 
119°30'W; Bartholomew 1950). Subsequent expeditions to historical 
rookeries on the islands off Baja California found a small breeding 
colony at Isla de Guadalupe (Hubbs 1956), and this apparently re-
mains the only location where breeding occurs. Coincident with 
a modest increase in that population (Huey 1930; Townsend 1930; 
Peterson et al. 1968b; Fleischer 1978) has been an increase in 
sightings of Guadalupe fur seals in U.S. waters (Table 1). 
We have recorded the presence of Guadalupe fur seals each sum-
mer at San Miguel Island since 1969 (DeLong and Antonelis) and 
during weekly to monthly censuses ofpinniped populations (Stewart 
and Yochem 1984) at San Nicolas Island since 1980. We have 
photographed several of these fur seals, especially those with distinct 
scars, to permit reidentification. We made incidental observations 
of the behavior of fur seals during our studies of behavior and 
population dynamics of other pinniped species. 
Here we summarize recent records of A. townsendi in U.S. waters 
and report our observations of Guadalupe fur seals and of their inter-
actions with California sea lions, Zalophus californianus, at San 
Nicolas and San Miguel islands. 
RESULTS __________________________ __ 
We have madc 43 sightings of Guadalupe fur seals at San Nicolas 
and San Miguel Islands since 1969 (Table I); nearly all were of 
subadult (37%) and adult (34%) males. At least two fur seals were 
seen in more than 1 year; at San Nicolas Island, an adult female 
was present in 1983 and 1984, and an adult male (described below) 
was present in 6 consecutive years. 
In summer 1981, an adult male Guadalupe fur seal maintained 
a territory among breeding California sea lions at San Nicolas Island 
for about 35 days (Stewart 1981). We observed this male (iden-
tified by flipper and body scars) again each summer through 1986 
at the island where he defended the same area. He was present for 
about 122 days in 1982, at least 105 days in 1983, and 46 days 
in 1984. We observed this fur seal for a total of about 35 hours. 
He was inactive (lying down, either sleeping or resting), for an 
average of 95 % (56.6 ± 3.1 min) of each hour of observation. He 
spent the remaining time either patroling his territory (1.2 ± 1.2 
min/hr) or interacting with sea lions (1.8 ± 1.2 min/h). Of 87 inter-
Date 
12 May-July 1949 
17 Nov. 1967 
17 Feb. 1968 
24 Aug. 1968 
31 Aug. 1968 
May-Sept. 1969 
Aug. 1970 




27 June 1975 
July 1975 
4 Aug. 1975 
20 Aug. 1975 
25 Jan. 1976 
25 Jan. 1976 
29 July 1976 
25 Apr. 1977 
30 July 1977 
19 June 1978 
4 Aug. 1978 
2 Sep. 1979 
Summer 1980 
4 July 1981 
26 June-I Aug. 
13 Aug. 1981 
26 May-I Oct. 
28 June 1982 
3 July 1982 
10 July 1982 
14 July 1982 
26 July 1982 
28 July 1982 
31 July 1982 
I Oct. 1982 
10 Oct. 1982 
17 April 1983 
I May 1983 
22 May-5 Sept. 
17 July 1983 
28 July 1983 
5 Feb. 1984 




I June (16 July) 1984' 
19-26 May, 10-16 June 1984 
2 Aug. 1984 
5 Feb. 1985 
Summer 1985b 
23 May 1986/summer 
28 July 1986 
Table I-Summary of recent sightings of Arctocephalus townsend; in U.S. waters. 
Location 
San Nicolas I. 
Lat. 33°30'N, Long. 122°00'W 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Clemente I. 
San Miguel I. 
75 Ion South of Santa Rosa I. 
Lat. 31 °5I'N. Long. 119°41'W 
San Miguel I. 
Monterey Bay 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Miguel I. 
San Nicolas I. 
San Nicolas I. 
San Miguel I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
Santa Bart>ara I. 
Santa Barbara I. 
San Nicolas I. 
San Miguel I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
San Nicolas I. 
San Miguel I. 
San Miguel I. 
San Mateo Co. 
San Nicolas I. 
San Nicolas I. 
San Miguel I. 
San Miguel I. 
San Nicolas l. 
San Nicolas I. 
San Miguel I. 
Sex and relative age 
Adult male 
Adult male (at sea) 
Subadult male 
Adult male 
Juvenile male or female 
Adult male, subadult male 
Adult male 
Adult male, subadult male, juvenile female 
Juvenile female 
2 Adult males 




Adult male, subadult male 
Adult male (at sea) 
I seal (at sea) 
Adult male, 2 subadult males 
Juvenile male (beached) 
Adult male, 2 subadult males 
Subadult male 




















Adult male. 2 subadult males 
Juvenile male or adult 'female 









Bartholomew 1950, 1951 
Brownell and Delong 1968 
Peterson et al. 1968a 
Peterson and leBoeuf 1969 







Bonnell et al. 1980 
Mate 1977 
Bonnell et al. 1980 
This report 
Bonnell et al. 1980 
Bonnell et al. 1980 
This report 





P. 1. Gearin. pers. commun. 





J. Francis, pcrs. commun., Univ. Calif., Santa Cruz 
C. Heath, pcrs. commun., Univ. Calif., Santa Cruz 
This report 
C. Heath, pcrs. commun., Univ. Calif., Santa Cruz 
J. Francis, pers. commun., Univ. Calif., Santa Cruz 
J. Francis, pers. commun., Univ. Calif., Santa Cruz 
J. Francis, pers. commun., Univ. Calif., Santa Cruz 
Stewart and Yochem 1984 
This report 













Gearin and Antonelis 1986 
'The seal was present up through 16 July when we ended our field season. He may have been present during August but had departed prior to 15 September when we 
conducted a census. 
bSurveys were also conducted at San Miguel Island in summer 1985 but no Guadalupe fur seals were seen (Stewart 1985). 
actions observed, 45 (52 %) were with female sea lions. During these 
interactions the male approached and either attempted to herd a 
female that was moving out of or through his territory (89 % of all 
interactions) or sniffed at the female's muzzle or urogenital region 
(II %). In general, females responded by vocally threatening the 
male (7 %), retreating and escaping from his territory (13 %), 
passively remaining in the territory (56%), or resisting the male's 
herding attempts initially before submitting and remaining in his 
territory (24 %). We observed physical contact, or evidence of con-
tact (Stewart 1981), seven times between the fur seal and female 
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sea lions. Twice in 1983, and once in 1984, the male mounted and 
attempted to copulate with sea lion females; intromission apparently 
occurred during at least one of these attempts (pelvic thrusts were 
observed) and lasted approximately 5 minutes. 
Of 42 interactions observed between the male fur seal and male 
sea lions, 24 (57%) were with subadults and 18 (43%) were with 
nearby territorial adults. Preceding each encounter the fur seal ap-
proached (while vocalizing) a male sea lion that was either passing 
through his territory or vocalizing nearby. When physical contact 
did not occur (90% of all interactions) each sea lion male retreated 
as the fur seal approached. We observed physical contact between 
the fur seal and sea lion males four times: once with an adult and 
three times with subadults . Physical interactions were brief (less 
than 30 seconds), and the sea lion males retreated in each case. 
In early June 1984 we observed several fresh wounds on the fur 
seal's neck. We presume that these were inflicted by an adult sea 
lion male (which was subsequently displaced) rather than by a female 
sea lion. 
Two juvenile fur seals (sex undetermined, one in 1981 and one 
in 1982) were ashore briefly within 100 m of the adult male fur 
seal, but we did not observe them to interact either with the male 
or with California sea lions. 
An adult female Gaudalupe fur seal was present at San Nicolas 
Island in summer 1983 and in 1984 (same female, identified by 
scars; Table I). She was never observed to be closer than about 
0.5 km to the male fur seal. In the single interaction observed 
between this female and California sea lions, two female sea lions 
were simultaneously displaced after being threatened vocally by the 
fur seal. 
In February 1984. Stewart observed and photographed a Guada-
lupe fur seal at San Miguel Island . A juvenile sea lion that 
approached to within 1 m of the fur seal was vocally threatened 
and chased away . From its behavior. size, and apparent lack of 
a penile opening, this fur seal appeared to be an adult female; 
however, we were unable to confirm its sex later from photographs. 
Antonelis observed similar behavior during interactions between 
subadult male Guadalupe fur seals and California sea lion females 
at San Miguel Island. The presence of a penile opening in young 
fur seals is often difficult to confirm because of its small size and 
concealment by the thick fur coat. Testicles of sexually immature 
males are often undetectable. The fur seal that we observed may. 
therefore, have been a juvenile male rather than an adult female. 
In June 1976, Antonelis observed an adult male A. townsendi at 
San Miguel Island exhibit territorial behavior similar to that 
described above for the male at San Nicolas Island. This male at-
tempted to herd California sea lion females and pups, and he 
repeatedly picked up one dead sea lion pup by the neck and carried 
it to several areas at or near the boundaries of his territory. Once, 
the fur seal laid this pup on a flat rock, mounted it, and attempted 
to copulate with it for about one minute. Although the death of the 
pup was not witnessed. the freshness of the carcass and the behavior 
of the male toward it suggest that the pup might have died as a result 
of the copulatory efforts of the male. 
DISCUSSION ____________ _ 
Our limited observations suggest that adult male and female 
Guadalupe fur seals are socially dominant to adult sea lions when 
ashore and are able to exclude sea lions from areas during the sum-
mer breeding season. This is consistent with observations by 
De long (1982) and Bonnell et al. (1980) who reported that A. 
IOwnsendi males were successful in maintaining territories among 
sea lions at San Miguel Island. In summer 1973. at San Miguel 
Island, a mal.e \'uadalupe fur seal completely excluded California 
sea lions from a territory that he had apparently established by 
displacing them (Delong 1982). On three other occasions, however, 
subadult male fur seals were displaced by adult California sea lions 
as the fur seals moved toward or within groups of sea I ion females 
(Delong 1982) . It is possible that the areas from which sea lions 
are apparently excluded by Guadalupe fur seals are actually marginal 
or lesser preferred hauling or rookery areas for California sea lions. 
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At Isla de Guadalupe, Guadalupe fur seals haul out on solid rock, 
bouldered, or cobbled substrate; they are generally spatially segre-
gated from other pinniped species on hauling grounds and rookeries 
(Berdegue 1957; Peterson et aJ. 1968b; Fleischer 1978). Peterson 
et al. (l968b) attributed this segregated distribution to differences 
in habitat preference , and they briefly considered the influence of 
interspecific competition on these apparent preferences. With one 
exception (a subadult male hauled out on a broad sandy beach), 
all fur seals we observed at San Miguel Island were hauled out on 
substrate similar to that used at Isla de Guadalupe. The fur seals 
that we observed at San Nicolas Island were hauled out on flat, 
low, sandstone terraces very near the surf, with the exception of 
the adult male who occasionally rested in a sand-bottomed (usual-
ly wet) crevasse in the sandstone. Systematic observations of inter-
actions on a variety of substrate or habitat types are needed to deter-
mine if Guadalupe fur seals are truly dominant to California sea 
lions when competing for hauling or breeding space. 
Off the coasts of Baja and Alta California, the range of Guadalupe 
fur seals is sympatric with or overlaps the ranges of California sea 
lions , harbor seals (Phoca vitulina) , northern elephant seals 
(Mirounga angustiroslris) , northern fur seals (Callorhinus ursinus), 
and Steller sea lions (Eumetopias jubatus). Populations of each of 
these species have changed dramatically during the past several 
decades (Antonelis et al . 1981; Delong 1982; DeMa~ter et al. 1982; 
Cooper and Stewart 1982. 1983; LeBoeuf et al. 1983; Stewart and 
Yochem 1984 ; Stewart et al . In press) . Although it is likely that 
interactions among these species at sea and ashore will influence 
the population dynamics of each, data are inadequate to predict the 
importance of these interactions in structuring the pinniped com-
munity in the Southern California Bight. Steller sea lions have been 
relatively numerous historically (Bonnot 1951; Bonnell et al. 1980) 
at San Miguel Island (the southern limit of their range) and have 
appeared successful in displacing California sea lions (DeLong 
1982). The pupulation has. however. declined dramatically (breed-
ing no longer occurs) during the past several decades, but this decline 
is related to changes in the abundance of the species in California 
waters , due apparently to factors (Ainley and Lewis 1974) other 
than the dynamics of interspecific interactions while ashore. 
Our behavioral observations suggest that Guadalupe fur seals are 
capable of obtaining space for breeding among California sea lions 
and that they may successfully recolonize the Southern California 
Channel Islands once they are abundant enough to establish a 
breeding population. The increase in sightings of Guadalupe fur 
seals at or near the Southern California Channel Islands suggests 
an increase in abundance (during some seasons) of this species in 
U .S . walers . Since these incipient colonizers are presumably all 
derived f: 'om the population at Isla de Guadalupe, the most impor-
tant factor in recolonization of the Southern California Channel 
Islands will likely be the continued growth of the population at the: 
species ' sole colony on Isla de Gaudalupe. 
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ABSTRACf 
Growth rates of two sets of twin Antarctic fur seal pups, Arc/ocephalus gazeUa, 
(male-female, female-female) and feeding aMendance patterns of their mothers 
were compared with those of single offspring. 
The female-female twins had growth rates and weaning weights within the 
range of single female pups. The male of the female-male pair spent more time 
suckling and had a significantly higher growth rate than his sister. Growth in 
both pups was substantially reduced compared with single pups. Feeding-
attendance patterns of both mothers was not significantly different from those 
rearing single offspring although the energy costs of pup rearing increased by 75%. 
Measures of feeding or attendance duration should be used with caution as 
potential indicators of prey abundance or energy now to offspring. Strategies for 
sexual selection and factors acting against increased litter size in fur seals are 
discussed. 
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INTRODUCTION __________ _ 
The incidence of twinning is very low in otariids; no published 
records of otariid twins surviving to weaning were known to Spotte 
(1982) and only one has been reported since for the subantarctic 
fur seal, Arctocephalus tropicaiis (Bester and Kerley 1983). Pre-
sumably there is strong selection pressure for single offspring per 
litter, but it is not clear to what extent this acts during rearing (e.g., 
the inability of the mother to find or transfer enough food), when 
juvenile (e.g., during the first winter of independence), or when 
immature (e.g., in terms of recruitment to the breeding herd) . A 
detailed study of the performance of females rearing two pups should 
illuminate the first of these and perhaps also provide useful infor-
mation on the limits to performance of females during lactation. 
During a 5-year study of attendance by females and pup growth 
in Antarctic fur seals, A. gazella, at South Georgia (lat. 54 oS, long. 
38°W) , a birth of twins (male-female) was witnessed at Bird Island 
in 1978 , but both pups died within a month of birth (R. D. Bell 
1979) . At Schl ieper Bay on two occasions (1979 and 1981) females 
were seen consistently suckling the same two pups in circumstances 
almost certainly attributable to twin births . The simultaneous 
suckling of two pups, although infrequent, does occur at both high-
and low-density breeding beaches, but under circumstances different 
from those recorded above and involving at least one pup which 
is not the offspring of that female. 
This paper compares the pattern and duration of the feeding-
attendance cycles of the two females rearing twins with those of 
females having single offspring in the same season (Doidge et al. 
1984a; Doidge unpubl. manuscr.) in order to identify any differences 
in maternal performance. Similarly the growth of twin pups are 
compared with those of single offspring (Doidge et al. 1984b; 
Doidge unpubl. manuscr.) to assess the extent and consequences 
of possible selection against twin pups during the rearing period . 
METHODS ________________________ __ 
The patterns of feeding trips to sea by the females and their atten-
dance ashore while nursing pups were established by paint-marking 
the female and tagging the pups . The breeding beach and an area 
of roughly 20 ha surrounding it were checked twice daily at ap-
proximately 0500 and 1700 local time (GMT - 3 hours) . These 
methods are described in greater detail in Doidge et al . (1986) and 
Doidge (unpubl. manuscr.). 
On 19 December 1979 a female (designated CT) was seen 
suckling two pups . She and the two pups were given prominent 
identification marks using enamel paint. The pups were double 
tagged on the fore-flippers; the male (monel tag no. 59551. Allflex 
medium yellow lSI) on 9 January and the female (monel 59602, 
Allflex 202), on II January 1980. The pups, which will be referred 
to by their AJiflex tag numbers, were weighed at irregular inter-
vals until 10 February when we left the study area. On a subse-
quent visit (3-6 March), the pups, although small, had completed 
molting and were in apparently healthy condition. 
A second female (designated TM) was observed nursing two pups 
on 9 December 1981. The pups had wet and shiny fur indicating 
that they had been born only a few hours previously. These pups, 
which were both female, were weighed, double tagged (All flex 
medium white 21-22, 23-24) and returned to their mother. Pup 
growth and the females' feeding-attendance cycles were monitored 
until weaning. 
Table I-Maternal feeding-attendance pattern of A. 
gazella cow CT. 
Observed cycle number 
2 4 5 6 7 9 
Cow at sea (d) 4 5 4 5 6 6 
Cow ashore (d) 2 3 2 2 3 
Table 2-Comparison of feeding-attendance data of A. 
gazel/a female CT (with. male-female twins) and th.ose 
females with. single offspring, Schlieper Bay 1979-80, dur-
ing th.e lirst six cycles". 
Mean days at sea 
Mean days ashore 
Time at sea (%) 
Female CT 
4.0 ± 0.9 (6) 
1.7 ± 0.8 (6) 
71 ± II (6) 
Other females 
(n;8)b 
3.5 ± l.9 (48) 
1.7 ± l.0 (48) 
65 ± 16 (48) 
'Number of cycles used by Doidge et al. (1986). 
bDoidge et al. (1986). 
Growth rates were determined by linearly regressing weight on 
age for known-age pups 22 and 24, and weight on calendar date 
for pups lSI and 202. (See Doidge et al. 1984b for further details 
of these methods.) 
RESULTS __________________________ __ 
The data gathered on the two sets of twins were slightly different. 
Although cow TM and her female pups (22, 24) were followed from 
birth to weaning, cow CT and pups (male lSI. female 202) had 
an unknown birthdate and were observed for only 9 feeding-
attendance cycles during pup rearing which usually lasts about 16 
cycles (Doidge et a!. 1986). Therefore, the comparisons with 
mothers with single pups will be made separately for each set of 
mothers and twins. 
Maternal feeding-attendance performance 
The mean duration of feeding trips, shore attendance periods, and 
proportion of time spent at sea for female CT (Table I) are not 
significantly different from those of females with single offspring 
at Schlieper Bay in 1979-80 (Table 2). Table 3 lists the complete 
feeding-attendance cycles from the end of the perinatal attendanc<, 
period to weaning for female TM. The total numbers of days at 
sea and ashore, the number of feeding trips made, and the duration 
of the perinatal attendance period are statistically indistinguishable 
from those of females with single female offspring at Schlieper Bay 
in 1981-82 (Table 4). 
Pup performance 
Male-female pair-Male pup lSI grew at the rate of61 g/d which 
was significantly greater (F1•24 2.53, P<0.05) than the 26 g/d of 
female pup 202 (Fig. I). The growth rates of both CT's pups were 
substantially lower than those of single offspring, were outside the 
108 
Table 3-Feeding-attendance pattern of A. gazellafemale TM from th.e end 
of the perinatal attendance period until weaning, Schlieper Bay, 1981-82. 
Observed cycle number 
2 3 4 5 6 7 8 9 10 \I 12 13 
Cow days at sea 2 2 4 4 4 5 4 5 7 4 5 
Cow days ashore 3 2 2 2 3 I 3 2 2 2 3 2 
Days not with pup 22 2 2 4 4 3 4 6 4 5 7 4 6 
Days not with pup 24 2 2 8 4 3 454 6 7 4 5 
Days with pup 22 2 I 2 2 2 2 2 2 3 
Days with pup 24 2 2 2 2 2 2 
Table 4-Comparison of feeding attendance data (birth 
to weaning) of A. gazella female TM with female twins 
and females with single pups, Sch.lieper Bay, 1981-82. 
Female TM Other females' 
Perinatal attendance (d) 6 7.2±0.9 
Total days at sea 70 68±7 
Total days not with pup 22 73 
Total days not with pup 24 70 
Total days ashore 38 40±9 
Total days with pup 22 35 
Total days with pup 24 28 
Number of feeding trips 16 16±3 
Time at sea (%) 65 62±5 
'Doidge (unpubl. manuscr.). 
14 15 16 
7 5 6 
2 4 10 
7 5 7 
8 8 
2 3 4 
range of pup growth rates found in five seasons of pup weighings 
at South Georgia (Doidge et al. 1984b), and were luwer than those 
of pups followed to weaning in 1981 (Doidge unpubl. manuscr.). 
During 8.7 hours of observation of female CT during the first 
four attendance periods witnessed, the male pup spent significant-
ly more time suckling than the female (147 vs. 105 minutes, 
X2 =9.02, P<0.05). In both pups, growth tate decreased after tag-
ging. This may be coincidental or caused by the disturbance 
associated with suckling observations or pup weighings. Payne 
(1979) believed that tagging was detrimental to young pups since 
10% of those he tagged died. However, this is not unexpected 
because pup mortality ranges between 17 and 30 % at the site where 
he was working (Doidge et a!. 1984a). Also, Doidge (unpubl. 
manuscr.) showed that tags had no effect on pup growth rates. 
Female-female twins-Although both pups were female, they spent 
slightly different amounts of time with their mother. Pup 24 failed 
to make contact with female TM on the third attendance period 
(Table 3), and did not suckle until 8 days later. The lighter pup 
(24) spent less time with the mother and weaned at an earlier age 
and date. 
Growth rates and estimated weaning weights of pups 22 and 24 
are listed in Table 5 (see also Fig. 2). The growth rate, weaning 
weight, and age at weaning of pup 22 are very similar to those of 
single female offspring followed to weaning in the same season 
(Doidge unpubl. manuscr.). Although pup 24's growth rate, wean-
ing weight, age at weaning, and date of weaning are low, they are 
within the range of single female offspring (Doidge unpubJ. 
manuscr.). 
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Figure I-Growth of male and female twins , Schlieper Bay 1979-80. 
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Figure 2-Growth of female twins and estimated birth (B) and weaning (W) weights, Schlieper Bay 1981-82. 
Table 5--Comparison of gro\\1h parameters of twin female pups of A. gazeUa 
cow TM with those of single female pups, Schlieper Bay, 1981-82. 
Pups of female TM 
Growth parameters 22 24 Total 
Date of binh 9112 /81 9112 /81 
Date of weaning 1/04/82 ~2/03/82 
Weight at binh (kg) 5 .8 5.3 11.1 
Estimated weight at 
binhb (kg) 6 .2 6.4 12. 6 
Estimated weight at 
weaningb (kg) 14 .6 12 . 1 26. 7 
Growth rateb (g /d) 7S 55 
Age at weaning (d) 114 104 
'Doidge (unpubJ. manuser.). 
Single female pups' 
n=21 
Mean Range 
9112/81 2111 1-2411 2/81 
1104182 21103- 12/04/82 
5.7 4 .0-7A 
14.7 10.1-18.7 
78 53-lcr 
II .' 90-126 
bEstimated from linear regression of weight on age. 
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Maternal energy cost 
Preliminary estimates of the cost of pup rearing in Antarctic fur 
s~als , partitioned into energy consumption required to fuel fetal 
growth, pup metabolism. and weight gain, have been made by 
Doidge et al . (I984b) based on metabolic rates of north em fur seals, 
Callorhinus lminus (Blix et al. 1979), time activity budgets of A. 
gaze/La (Doidge unpubJ. data), and the energy contents of tissues 
(Diem and Lentner 1970) . Using the same technique, the energy 
required to raise twin female offspring for female TM (Table 6) 
was 3215 MJ or 1.74 times the energy needed for rearing the average 
single female pup . 
Table 6-Comparison of maternal energy requirements (MJ) of A. gaze/fa 
female TM (with female twins) and females rearing single offspring. 
Pups of female TM 
Females with 
22 24 Total single pups' 
Pup mass at binh 61 63 124 61 
Mass gain binh to weaning 230 173 403 255 
Pup metabolism 1,479 1,209 2,688 1,532 
Total 1,770 1,445 3,215 1,848 
'Doidge (unpubl. manuscr.). 
DISCUSSION ___________ _ 
The successful rearing of twin pups to weaning, without a con-
comitant change in feeding or attendance duration, reinforces the 
conclusions of Doidge et al. (1984b) that these data should be used 
with caution as potential indicators of prey abundance or energy 
flow to offspring. The incidence of twinning is low in otariids, so 
it is interesting to view its consequences for both mother and pup 
when it does occur. 
Consequences for mother 
Although there was no difference in time spent at sea betwccn 
mothers of single and twin pups, it is possible the latter were worldng 
harder (per unit time) to secure more prey to meet increased energy 
demands. This is a consideration, since females spend only 20% 
of their time at sea actually diving in search of prey (Kooyman et 
al. 1986). Although the time spent ashore is the same as that of 
mothers of single pups, the amount of energy transferred to the 
pup is increased 1.74 times. Why then do mothers of single pups 
not increase the energy transferred to their pups? It appears that 
under the conditions existing at South Georgia in 1981, the limiting 
factor for pup growth involves milk transfer rather than cow foraging 
performance. Doidge (unpubl. manuscr.) found that weaning weight 
increased with the total number of days spent ashore by the mother 
during the lactation period, but that no significant relationship existed 
with the number of maternal days at sea. The time spent nursing 
and the amount of energy transferred during a shore attendance bout 
is more dependent on the pup's, rather than the mother's, nursing 
ability since suckling is a relatively passive activity for the female. 
(If milk is available she need only expose her teats.) Also, the 
unusual method of weaning in this species, where the pup leaves 
the mother rather than vice versa (Doidge et al. 1986) supports the 
hypothesis that the pup tends to govern milk intake. 
High growth rates and the rapid rate of increase of the popula-
tion indicate that food availability during the breeding season has 
not generally been a limiting factor for fur seals at South Georgia 
(Doidge et al. 1984b). Thus, it appears that under the conditions 
found in 1979-80 and 1981-82, females with single pups were 
capable of supplying more than enough milk to meet pup demands 
and that pup growth was limited by the pup's own suckling behavior. 
However, since neither female rearing two pups was able to wean 
both pups at average weaning weights, apparently conditions were 
not good enough to allow the rearing of two normal pups. 
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Consequences for the offspring 
Of the four pups, only pup 22 (of the female-female pair) had an 
average growth rate, length of lactation period, and weaning weight 
when compared with single pups. Her sister, pup 24, showed a 30% 
reduction in growth rate, an 18 % drop in weight at weaning, and 
a lactation period shorter by 8 %. Thus, one female pup was average 
and the other slightly lighter, although not outside the range ex-
pected for single female pups. Presumably, the chances of pup 22 
surviving to breeding were equal to that of the average female pup 
surviving to weaning that season, and pup 24's chances were slightly 
less but still better than some single female pups (assuming that 
survival and weight are directly related). 
In the male-female pair, the growth rate of both pups was reduced; 
the male being 23 % lower and the female 51 % lower than the 
average single pup. Although the male was superior to the female 
pup in terms of competition for access to the mother for milk (see 
"Pup performance; Male-female pair"), the males still have a lower 
than average growth rate. 
Factors acting against twinning 
If the combined probabilities of the twins rearing offspring to 
breeding were greater than that for single offspring, twinning would 
be favored regardless of the sex of the original twins. However, 
if an adult female bears a male and a female pup (50% of the ex-
pected frequency of dizygotic twins), then the chances of both off-
spring surviving to breeding would be reduced. The male pup, even 
if it ~urvived its first winter of independence, would be unlikely 
to attain a body size capable of competing for territories with other 
males; the female pup's chances of surviving to breeding are also 
reduced since her brother has taken resources (milk) which might 
have been invested more profitably in her. 
Male-male twins would be a still more extreme case where neither 
would likely hecome sufficiently large to compete against single 
malc offspring for territories. 
In the case of female-female pairs, the chances of survival to 
breeding are slightly greater than male-male or male-female pairs 
since pup energy requirements are closer to being met. 
Thus, in only 25% (female-female twins) of the possible outcomes 
of dizygotic twins can maternal breeding success be greater than 
that of single mothers, and even in this case reproductive output 
would, at best, only be doubled. In the monozygotic case, where 
the sex of the offspring could equally be male or female, the average 
breeding success of mothers of twins would still not exceed that 
of single mothers for the reasons just mentioned. Presumably, under 
the conditions in which the otariids evolved, the cost to lifetime 
reproductive success of increasing litter size has outweighed the 
benefits. So, although conditions are generally very favorable for 
A. gazella at the present time, there is no evidence that the incidence 
of twins is any greater than other less well-studied otariids. 
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Prolonged observation of large numbers of known-age tagged northern fur seals 
on Urilie rookery, Commander Islands, has given new insights into reproductive 
processes of males and females that must be incorporated into existing popula-
tion models and forecast procedures. A synopsis of the important results is: 1) 
the number of pups born varies directly with the summed number of young (5-7 
years) and old (>15) females, and with territorial males aged 8 years; 2) of 130 
known females observed over 4-7 years, 57% gave birth sequentially with no break 
in pregnancies; 3) the pregnancy rates differ by year and age class and are sub-
ject to yearly nuctuations; 4) young females breed mostly from August to mid-
September and greatly affect the age structure and number of pups born the 
following year; 5) most breeding is done by males aged 8 and 9 years; 6) the max-
imum number of bulls determined by visual counts does not exceed 50% of the 
total number in the population; 7) male territorial tenure varies by age such that 
a complete replacement of males occurs twice during the main breeding season; 
8) about 30% of bulls age 8 and older never try to establish a breeding territory 
but reside on bachelor grounds. 
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INTRODUCTION __________ _ 
In recent years scientists have developed mathematical models of 
fur seal population dynamics, methods of theoretical assessment, 
and forecasts of biological characteristics such as the number of 
pups born, optimal commercial exploitation, age-sex structure of 
reproductive groupings, and so on (Andreev et al. 1978; Bulgakova 
1972,1973; Borodin and Vladimirov 1975; Chapman 1964,1973; 
Chelnokov 1977; Eberhardt 1981; Ichihara 1971; Johnson 1968; 
Kolesnic and Kogay 1977; Kuzin and Panina 1977; Lander 1975, 
1979,1981; Nagasaki 1961; Nesterov 1978; Skaletskayaetal. 1980; 
Smith and Polacheck 1981; Timofeeva et al. 1977; York and Hartley 
1981). 
In 1978-82 our investigations on U rilie rookery of Medney Island 
(Commander Islands) showed that many of the most important 
biological parameters which are basic to quantitative models and 
estimation methods are imprecise to a great extent. Some signifi-
cant characteristics of the reproductive process were not taken into 
account at all because they remained unknown until now. These 
omissions must inevitably result in more or less misrepresentation 
and non-representativeness of the theoretical results obtained. It is 
very difficult to forecast population dynamics, conduct mathematical 
modeling of the populations, and simultaneously solve the problems 
connected with monitoring without a detailed knowledge of all 
aspects of fur seal reproductive biology. 
Urilie rookery, where no sealing has been conducted for more 
than 50 years, is practically under natural conditions. Due to this 
fact specific details of age-sex structure, social behavior, and 
organization of reproducing animals are closer than any other fur 
seal rookery to "wild" conditions, and can thus be considered to 
be close to optimum for reproduction and population growth. This 
statement is confirmed by the fact that Urilie rookery is the only 
one on the Commander Islands where fur seal numbers have been 
steadily increasing over the past 10 years. 
Data characterizing the reproductive biology of female fur seals 
are numerous (Bartholomew and Hoe11953; Bigg 1979; Bychkov 
1964, 1969; Craig 1964; York 1979a,b, 1983; Yoshida 1982). 
However, there are no data on the continuity or periodicity in 
reproduction of individual females of different ages over long 
periods. 
A significant factor in reproductive efficiency is the number of 
breeding males. This factor becomes especially important when 
males are reduced by harvesting to a level which might jeopardize 
insemination of all mature females. Such a situation apparently took 
place on the Commander Islands early in the 1970's. When bull 
numbers are high, annual fluctuations do not directly influence 
reproductive efficiency. Finally, the age composition of fur seal 
males taking part in reproduction has a great influence on the 
regenerative process in fur seals. In 1977-81 we obtained data 
characterizing the seasonal dynamics by age of the bull-producers. 
METHODS ____________ _ 
This work is based on data collected on Urilie rookery in 1977-82. 
Investigations were based mainly on regular visual observations of 
tagged known-age animals. Observations were conducted both on 
the entire rookery and on a specially established experimental area 
40 x 20 m. On the special study area in 1978-81 regular observa-
tions were performed from a watch tower two or three times per 
day (for a total of 6 hours per day) every day if weather was 
favorable. Tag numbers were read with the aid of a telescope (30, 
40, and 60 power). Some data were also collected by V. N. Sadovov 
(VNIRO) in 1977. 
Observations extended from the end of May to the end of Octo-
ber in the various years of this study (Table 1). We observed the 
reproductive cycles of 130 individually identified females that were 
recorded annually for at least 4 (maximum of 7) years running. 
This study was possible because of the strong homing instinct of 
northern fur seals; almost all females arrived annually to the same 
places on the rookery where they were previously seen. 
Several criteria were used to determine whether a given female 
produced a pup in a given year. Females were classified as parous 
if their pups were observed with them, or if they showed search 
behavior for a pup, or had unmistakable symptoms of lactation such 
as swollen teats. It was much more difficult to assign females to 
the nonparous category. Data analysis for 1978-79 and 1981 (Table 
2) showed that to obtain good direct or indirect evidence of pup 
presence most females (mean 97.6%, range 96.0-98.1%) had to 
be observed five times. Based on these data, we concluded that 
females whould be considered nonparous if in five or more obser-
vations either no pup was observed or the female showed neither 
behavioral nor physiological signs of pup presence. Females for 
which fewer than five observations were made were assigned to 
the undetermined reproductive category. However, such females 
were likely nonparous for that year because infrequent and irregular 
presence on a rookery is diagnostic behavior for females that have 
no pup. These copcerns do not apply to the 1977 data which were 
collected by V. N. Sadovov using different field methods. N(lne 
of the females was observed in 1977 more than four times, and 
most of them were seen only once. Therefore the 1977 data gave 
no basis for assuming that females without pups had missed preg-
nancy, so all females not seen with pups were assigned to the 
undetermined category. 
To analyze for seasonal changes in fur seal age structure we used 
a coefficient of tagging that was specific to each year class and 
rookery of origin. and a coefficient of tag loss that was specific 
to each age class and population. The coefficients of tagging (un-
tagged/tagged ratio) and of tag loss (number losing tags/number 
retaining tags) were based on data in the NPFSC Joint Reports and 
in Andreev et al. (1978); see Vladimirov (1978) for methods. Tag 
loss for females aged 2-5 years was assumed to be equal to that 
of bachelors of the same age and origin. Tag loss for all older 
females, and for all bulls irrespective of age or origin, was assumed 
to equal 0.55, the maximum rate for 5-year-old bachelors. 
RESULTS __________________________ __ 
In total, 7,027 tagged fur seals of different age and sex were 
observed. These included 2,759 males (461 bulls) and 4,268 
females. 
Females 
The number and age composition of reproducing females are of 
great importance to forecasting fur seal population dynamics because 
they are closely tied to annual pup production (Vladimirov 1982). 
Table 3 shows the average age composition (average proportion 
of onshore females in each age group) of tagged females at the June-
July peak of the reproductive seasons from 1977 to 1982. The table 
also shows for each age group the proportion of the summer-autumn 
count for each age group that this June-July number represented. 
Clearly, the majority of the female population at almost any time 
of year comprises animals 6-15 years of age. Furthermore, the dif-
ference in age composition between the summer and autumn popula-
tions lay basically in the later time of arrival at the rookeries of 
many females 3-5 years of age and younger. 
The age composition shown in Table 3 is an average of 6 years 
of observations. Actually, the age composition was not stable, but 
fluctuated from year to year, especially in the youngest age groups. 
Table 4 shows these yearly variations for each age group of the 
youngest females, and for combined age groups for all others. 
Table 3 also shows that the pregnancy rates among females varied 
by age class. Among 702 tagged females with determined reproduc-
tive status that appeared on the rookery in June-July, the average 
pregnancy rate for all age classes combined was 82.6% (range 
77 .7-85.9% in various years). Females aged 4-5 and> 15 years had 
the lowest average pregnancy rates. Presently females at Urilie 
rookery begin to give birth at age 4 years. But the total percentage 
of 4-5 and even 6-year-olds that are pregnant can be precisely deter-
mined only from animals that are collected pelagically because not 
all of these females (especially 4-year-olds) land on the islands. 
Data obtained from seals collected pelagically in the Commander 
Islands area in autumn 1978 show that not more than 30-35 % of 
4-year-olds and not more than 65-70% of 5-year-olds are pregnant 
(Vladimirov et al. 1979; North Pacific Fur Seal Corrunission 1981). 
Visual observations on shore give estimates of pregnancy rates 
for females aged 7 and older that are almost equal to estimates from 
pelagic collections. For instance, from 1978 to 81 the estimated 
Table 2-Number of observations necessary to visually link pups with postpartum females on Urilie 
rookery, in 1978-79 and 1981. 
Thble I-Dates of observation periods 
on Urilie rookery, 1977-82. 
Year Period 
1977 June 16-July 31 
1978 May 26-July 30 
1979 June 21-Sept 27 
1980 June 25-Aug. 23 
1981 May 22-0cl. 28 
1982 June 13-Aug. 19 
Number of observations i 
2 3 4-5 >5 
Year N 2 n 3 % n % n % n % n 
1978 123 52 42.3 35 28.5 20 16.3 II 8.8 
1979 137 57 41.3 42 30.7 21 15.3 12 8.7 
1981 531 255 48.0 163 30.7 64 12.1 39 7.3 IO 
Total 791 364 46.0 240 30.3 105 13.3 62 7.8 20 
iNumber of encounters in which a pup was directly or indirectly linked with a female. 
2The lotal number of females identified by year. 
3The number of fur seal females identified as having a pup. 







Table 3-Age composition, summer/autumn arrival, and pregnancy rate by 
age for fur seal females at Uri lie rookery during Ihe breeding seasons of 
1977-82_ 
Age N N, N2 P, Age N N, N2 P, 
(yr) % % % % (yr) % % % % 
2.1 12 7.3 0 .9 95.7 88.4 
2 5.7 13 5.8 4.7 99.2 72.9 
3 0.4 8.2 0.8 14 5.9 5.5 100.0 81.1 
4 3.6 7.9 36.6 72.3 15 5.6 3.2 98.7 81.1 
5 7.8 10.3 74 .2 77.8 16 3.9 2.6 100.0 80.8 
6 9.8 10.2 87.3 80.2 17 2.8 2.4 100.0 74.2 
7 10.3 5.6 96.7 86.2 18 J.3 0.3 100.0 78.9 
8 7.9 6.6 98.5 87.3 19 0.6 1.0 100.0 50.0 
9 8.5 5.5 90.8 93.3 20 0.4 0.3 100.0 50.0 
JO 8.7 8.3 97.7 90.5 21 0.1 <0 .1 100.0 33.3 
II 9.3 8.7 97.8 82.7 22 0.1 <0 .1 100.0 '/00.0 
N Age composition of fur seals on land in June-July as a percent of the average 
summer number observed 1977-82. 
N, The October age composition of females onshore as a percent of their number 
in that month. 
N2 The June-July number of females onshore in each age class as a percent of 
females in that age class observed in summer-autumn of the same years. 
P, The percent of postpartum females in each age class in June-July. 
, N= I; therefore no conclusion about pregnancy rate should be drawn. 
pregnancy rate from observations at Uritie Rookery was 83 _7070 
compared with 84.2% from the pelagic coUection (Vladimirov et 
al. 1982). However, average pregnancy rate for females 4-6 years 
cannot be estimated from observation because not all of these 
females come ashore on the rookery. Therefore, shore observa-
tions can be used to substitute for pelagic collections to estimate 
pregnancy rates for most females. 
The number and pregnancy rate of young females coming to the 
rookery have a great effect on the total age structure of the breeding 
group, and on the number of pups born. Figure 1 shows that changes 
in the number of pups born correspond closely to the total percent-
age of females aged 5-7 years, and less closely to females aged 
> 15 years . The correlation coefficient for the comparison of pups 
born with females 5-7 years plus females >15 years was 0.94 . No 
correspondence was found between the number of middle-aged 
females and pups born. Old females produce only about 8.8% of 
the total number of pups born (average of 4 years data) while young 
females (5-7 years) produce about 22.1 %. Therefore, the number 
of older females effects the number of pups born to a lesser extent 
than does the number of young females. The number of young 
females depends on the initial number in different year classes, the 
rate of natural mortality (which is highest and most variable in young 
animals), as well as time of maturation and other factors . The 
number of middle-aged females apparently does not undergo such 
sharp fluctuations which explains why their numbers do not correlate 
with pup numbers . Figure I also shows a correlation between varia-
tions in the proportion of the total bull stock (ages 8 years and older) 
that are of age 8 years, and the birth of pups the next year. However, 
no such correlation was found in recent years when the number 
of bulls became very high. 
Table 3 also shows that young females, aged 3-5 or 6 years, tended 
to arrive later in the season than older females. An analysis of data 
from 469 postpartum tagged females showed that the mass arrival 
of pregnant females begins in the last five days of June . By July 
25 the overwhelming majority (average 92.1 %, range 91.0-93.2 %) 
of the pregnant females have already arrived . By 31 July , 97.4% 
(range 96.5-98. 1 %) have arrived. Effectively, the monthly period 
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Table 4-Yearly fluctuations in the age structure of female fur seals at resident 
Urilie Rookery in June-July, 1977-81, based on reading tags of known-age 
animals. 
Percentage of femal es by years I 
Age group 
(yr) 1977 1978 1979 1980 1981 
0.4 0.1 0.3 
4 2.2 0.9 5.6 6.9 4.0 
5 9.0 7.8 3.7 9.7 8.9 
6 14.0 11.2 9.7 5.8 12.1 
7 12.2 7.7 14.8 9.2 5.0 
3-7 (junior) 37.4 27 .6 34.2 31.7 30.3 
8-15 (middle-aged) 57.8 66.4 56.4 60.5 57.0 
>15 (elder) 4.8 6.0 9.6 7 .8 12.7 
'Percentages were estimated from the calculated number of females (taking into 






























Figure 1. Population dynamics of (1) fur seal pups born on Urilie 
rookery in 1977-81 compared with: (2) percent of female population 
aged 5-7 yr and (3) aged 15+ yr; (4) summed percent of these two 
groups; and (5) percent of previous year's bull population aged 8 yr. 
from 25 June to 25 July can be considered the main reproductive 
period. 
Additional data on the arrival dates of 514 females of different 
ages in 1979 and especially in 1981 (when observations ended in 
late October) showed the arrivals by July 31 of the following pro-
portions of each age class that would eventually arrive: 3-year-olds, 
0.8%: 4-year-olds, 36.6%; 5-year-olds, 74.2%; 6-year-olds , 
87.3%; 7-10 year-olds, 95 .9%; 10+ year-olds, 99 .2% (Table 3) . 
Thus, females at age 6 years and older first appeared on the rookery 
almost entirely during June-July _ The younger their age, the later 
females arrived . The proportion of females aged 3-5 years that 
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no. class Origin 12 13 14 15 16 17 18 19 20 21 22 
121 N 
122 1963 SE + 
123 + 
124 1962 + + + 
125 P. Is. + 
126 
127 1961 SE + + 
128 P. Is . + + 
129 SE ? 
130 ? + ? 
Note: + = A fur seal pup is available. 
= A fur seal pup is absent. 
= It is not precisely determined whether or not a pup was 
available. 
P . Is. = PribilofIslands; N = Northern rookery; NW = Northwestern 
rookery; SE = Southeastern rookery; U = Urilie rookery. 
'The fur seal female came to the rookery with the scraps of a fishing 
net on her neck. 
appeared on the rookery in June-July seemed even lower than these 
numbers indicate because arrival at the rookery of numerous tagged 
females of these age classes which had not been observed in previous 
years, as well as the increase in presence of female year classes 
from year to year (Table 4) , suggested that some of these animals 
did not appear on land at all. This was especially true for the younger 
females . The majority of nonpregnant females aged 4-6 years, both 
adult and immature, as well as females aged 2-3 years come to the 
rookery in late summer-autumn after the main reproductive season 
has ended (5-6 year-olds arrive in August, and 2-4 year-olds from 
August to October. 
Most females have annual cycles of reproduction. The reproduc-
tive records of the 130 known females observed for at least 4 con-
secutive years show that after producing a pup once, most females 
(57%) usually continued to bear pups every year thereafter (Table 
5). The annual cycle of pupping is most evident in females aged 
6-15 years . Beyond 15 years, the number of years showing missed 
pregnancies increases, as indicated by the increasing assignment 
to the undetermined reproductive category in Table 5. 
Table 5 also shows that the reproductive potential of female fur 
seals of different year classes can apparently differ greatly. We judge 
this from the frequency of missed pregnancies throughout the years 
each female was observed. In particular, Table 5 shows that 76.7% 
of females born in 1961-63 , and 48.5% of females born in 1965 
missed pregnancies. These results were confirmed by the 1978 
pelagic sample of fur seals taken near Urilie rookery (Vladimirov 
et a/ . 1979) which showed that the 1961-63 year classes had a low 
percentage of postpartum females , but that pregnancy rate for the 
1965 year class did not differ from the mean . The 1975 year class 
also appears to have an abnormally low pregnancy rate (Table 5), 
although this is now difficult to explain. 
The average number of females aged 4-6 years that give birth 
in June-July (and the pregnancy rates for these age classes from 
pelagic sa.:npling) is much higher than the average number of females 
one year younger that land during the previous June-July. For ex-
ample, few 3-year-old females come ashore, but 30-35% of 4-year-
olds are pregnant. This difference suggests that many young females 
copulate in August or early September. Our failure to see young 
females copulate on land suggests that they breed in the sea near 
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Table 6-Age composition and contribution to reproduction of reproductive-
ly active bulls on Urilie rookery, from 21 June to 31 July 1978-82. 
Age of bulls (yr) 
Factors 8 9 lO II 12 13 14 15 
Kc (%) 14.9 21.1 24.2 17.2 13.2 4.8 2.6 0.8 0.7 
Pc (%) 15.4 43.5 64.7 68.7 75 .0 100.0 100.0 100.0 100.0 
Tc (days) 5.5 12.9 18.8 16.9 12.0 
Cp (%) 2.0 17.4 37.4 2 1.5 14 .2 4.4 2.5 0.5 0.1 
Cp-I 3.0 20.3 36.0 31.3 29.1 27.1 22.9 21.6 10.8 
Kc = Age group of bulls as a percent of the calculated number of buUs on 
a harem rookery is determined from the number tagged. corrected for 
rates of tagging and tag loss. 
Pc = Proportion of bulls of every age group appearing on a harem rookery 
during the main reproductive period. 
Tc = Mean duration of bull tenure on rookery. 
Cp = Mean percent of females covered by bulls in each age group. 
Cp-I = Mean calculated number of females covered by one bull of the given 
age. The calculated number of females is based on the count of newborn 
pups corrected for the percent of non-pregnant females on the rookery 
in June-July. 
shore. According to the calculations, up to about 30% of 3-year-
aids, 20% of 4-year-olds, and 10% of 5-year-olds copulate in this 
period . Since these animals copulate as late as the first half of 
September. yet arrive in the second or third IO-day period of the 
following July . it appears that the gestation period (from fertiliza-
tion 10 birth) is shorter for young females than for mature females 
(which is about 360 days) . 
Males 
We define male producers as harem males (having females) and 
those occupying territories on the rookery, that is, males that are 
physically and physiologically capable of reproducing irrespective 
of the presence or absence of females at the moment of observa-
tion. We do not consider any males to be potential producers if 
they are unable to occupy their own territory during the breeding 
season. 
Research conducted by the author and by N. N. Lyskin (Kam-
chatka Branch of TNIRO) showed that estimates of the maximum 
number of bulls (age 7 and older) obtained by visual head counts 
are far lower than those obtained from studying the seasonal arrival 
dynamics of tagged individuals. The study of tag returns showed 
that the maximum number of bulls which were simultaneously 
ashore, which usually occurred at the end of June , never exceeded 
48.8% of total bull numbers in the population. Ichihara (1971) had 
similar results. 
The rate of bull arrivals at the rookery in 1981 was analyzed by 
age and showed that of 142 tagged fur seal males aged 7-14 years, 
11.3 % had appeared on shore by late May, 74.4 % by late June, 
93.0% by late July, 99.3% by late August, and 100% by late 
September. No new bulls arrived in October. Thus the bulls' ar-
rival was most intense in June; the majority of bulls appeared on 
the rookery throughout this period (63. I %). Some portion of bulls 
which participated in breeding in June-July returned again to the 
breeding areas at the beginning of autumn. 
An analysis of the reproductive ability of bulls showed that males 
begin reproduction in fact only at age 8 in this relatively undisturbed 
population (Table 6). Formerly, 7-year-olds were included in the 
estimates of the reproductive male herd. However, our results show 
that on average only 15 % of young bulls at age 7 participate in 
reproduction. Because of seasonal peculiarities in the dynamics of 
the male age structure, distribution of males on the rookery, varia-
tions in the intensity of female arrivals, and other factors, 7-year-
olds can cover not more than 2 % of females during the main 
reproductive season. Therefore, the main breeding group is com-
posed mostly of males 8 years old and older. The maximum dura-
tion of the bull's life is 15 years. according to 5 years of observation. 
The estimate of reproductive contribution by bull age groups 
(Table 6) shows that the June-July average is about 25 females per 
bull producer in the main reproductive group. In reality this ratio 
is somewhat lower because the number of mature males calculated 
from tag returns is apparently lower than the actual number. This 
is because we lack data on immigrants of Pribilof Islands origin, 
where mass tagging ceased in 1969, and on bulls that lost tags (we 
used tag loss figures for 5-year-old males which are apparently lower 
than for adult males). Therefore, the real reproductive contribu-
tion per reproductively active, mature bull aged 8 and older is ap-
parently about 20 females on U rilie rookery. This ratio seem~ to 
be optimum for reproduction. This value differs from the ratios 
given theoretically by other Soviet specialists (from I :9-12 to 
1:35-40). 
Throughout the whole breeding season a constant, progressive 
rejuvenation of the age composition occurs among the bull pro-
ducers. For example, according to the 1977-81 data, at the begin-
ning of the breeding season (second 10-day period of June) bulls 
have the following age composition: 17.7% 8-year-olds; 22.2% 
9-year-olds; 27.8% IO-year-olds; and 32.3% 10+ years of age. 
At the end of the harem season (third IO-day period of July) the 
age composition of bulls is: 19.0% 7-year-olds; 29.8% 8-year-olds; 
25.6% 9-year-olds; 16.2% IO-year-olds: and 9.4% 10+ year-olds. 
In August the great majority (68.1-86.8%) of rookery males are 
6-8 year olds. The reason for this turnover is that when older terri-
torial bulls, present at the beginning of the breeding season, were 
fully spent and left shore, their territories were then occupied by 
younger bulls which had arrived later. On the whole, territorial 
tenure is brief and differs by age group with males age 9 years 
having the longest mean tenure (Table 6, row 3). On average. terri-
torial tenure lasts about 15 days for bulls of age 8 years and greater 
(the greatest individual tenure is more than 50 days). Therefore, 
harem bulls change at least twice during the main reproductive 
period, and not less than 3-4 times during the whole reproductive 
season 10 June to the end of August. 
On average the reproductive life of bulls lasts only 1.6 seasons. 
about the same as in the Pribilof herd (Johnson 1968). The major-
ity (56.6%) of bulls take part in reproduction during only one season, 
32.5% during two seasons, 8.4% during three seasons, and only 
2.5% are able to participate in breeding during four seasons. To 
estimate the reproductive effort of males in each age group, we 
calculated for the 1981 season the percent of the total reproductive 
bull-days accounted for by males of each age group (total 337 
males). Males of age 8 and 9 years play the dominant role in 
reproduction, accounting for a total of 65.5 % of the bull-days. 
In 1979-81, observations of 337 tagged bulls age 7 years and older 
showed that 52.5 % not only did not hold territories on the rookery, 
they did not even make such attempts. Instead, they passed the whole 
summer on the bachelor grounds. The proportion of such non-
breeding individuals is greatest (> 80%) for 7-year-olds. Some non-
breeders are too small to compete with fully grown bulls, and will 
begin reproducing at an older age. Nevertheless, about 30 % of males 
aged 8 years and older are "reproductively neutral" individuals 
which will take no part in reproduction during their entire lives. 
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This group, which involves the same individuals over time, has a 
greater mortality rate than for "reproductively active" males; by 
age 12 years most of this group has died. This phenomenon should 
be considered when assessing the number of bulls necessary to main-
tain normal reproductive processes. 
DISCUSSION ____________ _ 
Urilie rookery is relatively unaffected by human activities. Thus, 
our results best characterize populations that are living under close 
to natural conditions. Some of our values, such as the proportions 
of male age classes residing on shore. will probably be higher in 
exploited populations. The results of this study on age structure 
suggest that all existing mathematical modeb of fur seal popula-
tion dynamics need to be reviewed and made more precise, and 
that significant corrections should be made in the present assess-
ment and prognostic methods. 
The data on female age composition and pregnancy rate by age 
suggest that recruitment of young females aged 5-7 years into the 
reproductive process is one of the main factors causing variations 
in the number of pups born. An analogous conclusion was reached 
by Kuzin and Panina (1977) based on data from Robben Island. 
These relationships must be incorporated into long-term popula-
tion models. 
Because the fluctuations of 8-year-old bulls and of young females 
sometimes correlated well with the number of pups born, the number 
of bulls of age 8 may be connected in some way to the efficiency 
of reproduction in young females. This hypothesis needs further 
study. 
The greater the percentage of mature females aged 3-4 years that 
arrive on the rookery in August and the first half of September. 
the greater the excess of "reproductively active" bulls (in prin-
ciple) which, however, do not breed during the main harem season. 
This problem needs to be studied more thoroughly because it is 
directly connected to the principles of regulating bull numbers and 
the limits of the commercial kill. 
The reasons why 30% of males aged 8 years and older do not 
participate in breeding are not yet clear. Nevertheless, the results 
testify to a considerable functional heterogeneity in reproductive 
activity of different age bulls. 
With the present age structure of the herd. 7-year-old bulls play 
little role in reproduction during the peak month (25 June-25 July). 
But if the number of adult bulls were critically depressed, for ex-
ample through increased harvesting of bachelors in previous years, 
the participation in reproduction of7-year-old bulls would probably 
increase. 
Actual data lead us to the conclusion that the maximum reproduc-
tive ratio between mature, breeding bulls and potentially mature 
females is 1 :20. This ratio is based on females that are ashore from 
25 June to 25 July and males that are reproductively active at age 
8 and older; the ratio is specific to a population that is under almost 
natural conditions. This ratio should be central to every calcula-
tion concerning optimization of the age-sex structure of the fur seal 
herd which has the space and other conditions necessary to grow. 
The data presented here are undoubtedly still preliminary because 
our limited sample makes it difficult to judge the regularity and 
age dynamics of reproduction. Nevertheless, the data give us some 
understanding of this aspect of reproduction that was until now poor-
ly studied. Further investigations will make it possible to precisely 
assess reproduction in fur seal populations. 
CONCLUSIONS __________ _ 
Our investigations on Urilie rookery give the following conclusions 
on the optimum or near-optimum age-sex structure of fur seals: 
1. A dear correlative dependence is observed between the 
number of fur seal pups born and the summed percent of females 
age 5-7 and >15 years that arrive 25 June-25 July . These females 
account for more than 30% of the pups born. 
2 . The average birth rate among females which concentrate on 
the rookery in June-July is 82.4%. 
3. Almost 57% of mature females give birth annually to a pup. 
The remainder occasionally miss pregnancy in one year, but no 
females were found that consistently lacked pups . 
4. The overwhelming majority of pregnant females arrive 25 
June-25 July, that is , during the main breeding period . 
5 . By 31 July, 98.4 % of females age 7 and older have arrived. 
The percentage of younger females arriving decreases progressively 
depending on age (Table 3). 
6. Among females age 4-5 years that are ashore in June-July, 
72.5 -77 . 8 % are pregnant. 
7. Nonpregnant females age 3-5 years, both mature and im-
mature, arrive and breed in August to mid-September, after the 
majority of breeding has ended. Thus the breeding season is longer 
than previously believed. 
8. The arrival of new bulls to the rookery is greatest (63 . 1 % 
of those 7 + years) in June and is virtually ended by the end of July. 
9. The age structure of breeding males becomes progressively 
younger throughout the summer-autumn season. In July, 8- and 
9-year-olds predominate (55-60%). 
10. Territorial tenure on breeding areas increases in bulls up to 
age 9 and then decreases (Table 7) . Tenures suggest two complete 
changes of males during the main breeding period , and three to 
four changes from June-August. 
11. Males at age 8 and 9 contribute most (65 .5 %) of the bull-
days of reproductive effort. 
12. About 30% of bulls 8 years old and older are distributed on 
bachelor grounds and do not attempt to establish a territory during 
the breeding season. 
13. A correlation sometimes exists between the relative number 
of bulls age 8 in the main reproductive group and the number of 
pups born the next year . 
14. The mean number of fur seal females inseminated by one 
reproductively active male at age 8 and older is about 20. 
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The skull morphology of a sample of adult male subantarctic fur seals, Arc/o-
cephalus /ropicalis, from Marion Island, antarctic fur seals, A. gazella, from 
Marion Island and South Georgia, and interspecific hybrids from Marion Island 
was compared. Individual variation was found to be Wgh, and 19 variables were 
included in the statistical analyses. Phenograms were generated based on both 
the distance and correlation matrices and showed good separation between the 
two species. In the principal component analyses, the first component (size) ac-
counted for 81.36% of the variation, while the second component (shape) con-
tributed a further 3.52% of the variation. The two species separated well on the 
two-dimensional projection of the first two components, with the putative hybrids 
plotting between the two species clusters. Species integrity was tested using an 
a priori discriminant function analysis which confirmed all classifications as 
correct. 
'Presenl address: Dcpanmenl of Zoology. Universily of POri Elizabelh. P. O. Box 
1600. Pon Elizabelh 6001. Soulh Africa. 
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INTRODUCTION __________ _ 
The subantarctic and antarctic fur seals were considered conspecific 
by King (1959a,b), with Arctocephalus tropicalis tropicalis occur-
ring on islands north of the Antarctic Convergence, and A. t. gazella 
on islands south of the Convergence. However, they are now ac-
corded species status, based on cranial and dental characteristics 
(Repenning et al. 1971) and show external features distinct from 
each other. Although exploited to the verge of extinction in the last 
century, their recovery subsequent to the cessation of sealing has 
been well documented (see Bonner 1981 for a review), with the 
largest populations of A. tropicalis and A. gazella occurring at 
Gough Island and South Georgia. resp~ctively (Bonner 1981). Con-
comitant with these population increases, an expansion of their 
breeding range took place, both species now coexisting on some 
islands situated near the Antarctic Convergence (Kerley 1984). 
The first possible record of A. gazella at Marion Island was a 
skull collected by Rano in 1951-52 which King (1959a) identified 
as resembling the southern population. In 1974 Condy (1978) 
recorded A. gazella breeding sympatrically with A. tropicalis on 
the Prince Edward Islands. Since some adult male fur seals at 
Marion Island showed external characteristics of both species and 
some breeding harems contained both A. tropicalis and A. gazella, 
Condy (1978) speculated that hybridization was occurring between 
the species, although there appeared to be a degree of ecological 
and behavioral separation. 
The present study was initiated to investigate the relationships 
between these two species at the Prince Edward Islands. To date, 
infonnation has been presented on the assessment of population sizes 
and trends and the extent of hybridization (Kerley 1983a), com-
parison of seasonal haulout patterns (Kerley 1983b), and a com-
parison of pup growth (Kerley 1985). This report presents the results 
of univariate and multivariate analyses of skull morphology of 
specimens of A. tropicalis, A. gazella, and the putative hybrids. 
MATERIALS AND METHODS ______ _ 
Species identification in the field relied on external characteristics 
following Bonner (1968) and Condy (1978). Skulls of 47 fur seals, 
Arctocephalus spp. (Table I), were examined and 34 cranial 
measurements recorded for each specimen. Measurements were 
taken to the nearest 0.1 mm with a vernier caliper, except for the 
facial angle measurement (Repenning et al. 1971) which was taken 
to the nearest degree with an engineer's protractor. Measurements 
used corresponded to those used in other otariid studies (Sivertsen 
1954; King 1959a; Orr et al. 1970; Repenning et al. 1971). Exter-
nal body measurements, which were available only for the Marion 
Island specimens, were excluded from the analyses. Since fur seals 
Table I-Reference numbers, species, source localities, 
and sample sizes for the Arc/ocephalus specimens used 
in this study. 
Reference no. 
(OTU's) 
I - 15 











S. Georgia 15 
Marion I. 4 
Marion l. 23 
Marion l. 5 
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<8 L __ 
---------J ----€)--
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Figure I-Diagrammatic representation of 19 variables utilized in the present study, as well as the four variables (20-23) previously used to differentiate between Arc/o-
cephalus tropicalis and A. gaulla but excluded from the present study. I = condylobasallength; 2 = basilar length of Hensel; 3 = palitallength; 4 = upper postcanine 
length; 5 = optic foramen~ondyllength; 6 = palate width at molar I; 7 = palate width at molar 3; 8 = palate width at molar 5; 9 = zygomatic width; 10 = mastoid 
width; 11 = occipital condyl width; 12 = rostral width; 13 = maximum nasal width; 14 = preorbital process width; 15 = interorbital process width (ant.); 16 = calvarial 
width; 17 = skull height (at tympanic bulla); 18 = canine diameter (lengthwise); 19 = canine diameter (widthwise); 20 = supraorbital process width; 21 = zygomatic 
root width; 22 = squamosal-jugal suture length; 23 = gnathion to preorbital process length. 
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exhibit sexual dimorphism with adult males commonly more than 
twice the size of adult females (Bonner 1981), this source of varia-
tion was excluded by including only males in this study. A second 
source of variation, that of age, was reduced by using only adult 
specimens. Sivertsen's (1954) suture index was used for aging, and 
only specimens with an index of 19 or more-corresponding to an 
age of 8 years or older (M. N. Bester, U niv. Pretoria, pers. com-
mun.)-were included in the analyses. 
Measurement trials for both species were carried out for all the 
cranial measurements (five repetitions, n=5), and all measurements 
were found to be highly repeatable. Individual variation, as ex-
pressed by the coefficient of variation (CV), was determined for 
all variables. The operational taxonomic units (OTU's) for the 
analyses were individual specimens. 
Univariate analyses yielding standard statistics (mean, range, 
standard deviation, standard error, variance, among others) were 
performed using the CONDESCRIPTIVE subprogram of the 
Statistical Package for Social Sciences (SPSS; Statistical Package 
for Social Sciences 1983). 
The Marion Island and South Georgia A. gazelfa subsamples were 
tested for significant differences using the ONEWAY subprogram 
of the SPSS package. This is a single classification analysis of 
variance (ANOVA). 
Multivariate statistical analyses were performed using selected 
subroutines of the Numerical Taxonomy System of Multivariate 
Statistical Programs (NT -SYS; Rohlf et al. 1974). Matrices of Pear-
son's product-moment correlation and taxonomic distance coeffi-
cients were computed. Cluster analyses were performed utilizing 
the un weighted pair group method with arithmetic averages 
(UPGMA) on the correlation and distance matrices. Phenograms 
were generated for both. The NT-SYS principal component analysis 
(PCA) allows an objective assessment of data without prior group-
ing of material. 
The PCA is based on correlation coefficients among characters. 
Two-dimensional projections of the pairwise comparisons of the 
first three components generated by the program were analyzed. 
FactOr matrices indicating the character loadings in these com-
ponents and the percentage of variation accounted for by them were 
computed. A minimum spanning tree (MST) was superimposed on 
the two-dimensional projections of the PCA. This shows the af-
fmities of the OTU' s to each other and indicates the degree of distor-
tion created by representing the OTU's in a two-dimensional 
projection. 
Two-group discriminant function analysis using the DISCRIMI-
NANT subprogram of the SPSS package was used for checldng 
species integrity. Discriminant analysis is a statistical technique in 
which linear combinations of variables are used to distinguish 
between two or more categories of cases (OTU's). The criterion 
for controlling the stepwise selection of variables was the minimum 
Wilks Lambda. The variables "discriminate" between groups of 
cases and predict into which category or group a case falls, based 
upon the values of these variables. A two-group analysis was useJ 
since this allows discrimination between A. tropicalis and A. gazelfa 
as well as between these two species and their interspecific hybrids. 
A review of the theory, underlying assumptions, and methods 
of multivariate analyses for systematics is given by Neff and Marcus 
(1980). Computer analyses using the NT-SYS and SPSS packages 
were conducted on the University of Pretoria mM 370 computer. 
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RESULTS _____________ _ 
Individual variation 
Individual variation, as expressed by the coefficient of variation 
(CV), was determined for all 34 variables and found to be relative-
ly high. Nineteen variables (Fig. 1, Table 2) with relatively low 
variation (CV<8.0) or little or no interspecific overlap were in-
cluded in the analyses. Of the ten variables considered by King 
(l959a) and Bonner (1968) to differentiate between A. tropicalis 
and A. gazella, four were excluded from the analyses because these 
variables exhibited either high individual variation or species overlap 
or both (Table 3). 
Geographic variation in A. gazella 
Analyses of variance showed that the Marion Island and South 
Georgia A. ga::.ella samples differed significantly in only 6 of the 
19 variables (Table 4). This is probably due to the presence of two 
small individuals in the Marion Island sample, as well as the small 
sample size. These two individuals, however, were both adults 
(OTU 16 suture index = 19; OTU 17 suture index = 20) and 
possibly represent the lower limit of the adult size range. Both were 
retained and the two sample localities were combined for further 
analyses. 
Species delimitation 
The values for A. gazelfa of all 19 variables were greater than those 
for A. tropicalis, with the interspecific hybrids having intermediate 
values (Table 2). Phenograms showing the interspecific relation-
ships between the two species were computed from both the distance 
and correlation matrices. 
The distance phenogram, with a cophenetic correlation coeffi-
cient of 0.782, clearly shows the separation of the two species (Fig. 
2). Two major clusters are evident, A and B. Major cluster B, 
grouped relatively tightly. comprises all of the A. tropicalis speci-
mens. Major cluster A comprises all of the A. gazella specimens 
as well as the interspecific hybrids and is further divided into 
subclusters C and D. The single A. gazelfa specimen forming 
subcluster D (OTU 10) is an extremely large specimen whose 
measurements formed the upper limit of the A. gazelfa range in 
14 of the 19 variables (74%). Subcluster C subdivides into sec-
tions E and F. Subdivision E comprises the larger A. gazelfa 
specimens (condylobasallengths ~ 237.2 mm, mean = 242.3 mm. 
n = 16, range = 237.2-253.4) as well as the largest hybrid (OTU 
44, CBL = 247.4 mm). Subdivision F comprises the two small 
A. gazelfa specimens mentioned earlier (OTU 16, CBL = 227.7 
mm; OTU 17, CBL = 228.4 mm) as well as the other four inter-
specific hybrids. 
The correlation phenogram with a low cophenetic correlation 
coefficient of 0.534 did not separate the taxa, and since no clear 
pattern was discernable in the placement of the OTU's, the 
phenogram has not been presented in the text. 
The results of the principal component analysis are given in Table 
5 as well as Figures 3 and 4. The first component accounts for 
81. 36 % of the total variation and is an overall size component as 
suggested by the large and positive coefficients for all measurements 
Table 2-Species variation in cranial morphology of Arctocephalus tropicalis (n=23), A. gazeUa (n=19), and their interspecific hybrids (n=5). 
Variable and Mean CV Range Variable and Mean CV Range 
species (nun) SE (%) (nun) species (mm) SE (%) (mm) 
Condylobasal length Occipital condyl width 
A. tropicalis 217.0 1.35 2.98 206.3·228.6 A. tropicalis 48.3 0.43 4.23 44.5-51.8 
A. gazel/a 241.5 1.77 3.19 227.7-255.5 A. gaze/tO. 54.2 0.75 5.99 47.6-59.8 
hybrid 231.5 4.51 4.36 221.3-247.4 hybrid 51.3 1.10 4.79 49.0-54.4 
Basilar length of Hensel Rostral width 
A. tropicalis 194.8 1.21 2.97 185.3-204.0 A. tropicalis 43.6 0.61 6.70 38.1-49.5 
A. gazel/a 217.7 1.57 3.14 207.3-230.9 A. gazel/a 56.9 1.02 7.78 49.7-65.3 
hybrid 208.5 4.14 4.44 197.4·221.5 hybrid 50.2 0.80 3.56 48.9-53.1 
PalitaJ length Maximum nasal width 
A. tropicalis 94.5 0.81 4.11 89.2-103.0 A. tropicalis 26.3 0.46 8.29 22.7-29.9 
A. gazella 113.1 1.54 5.94 94.2-124.4 A. gazella 33.1 0.45 5.96 29.3-36.5 
hybrid 103.4 2.70 5.84 93.8-109.2 hybrid 31.0 0.80 5.76 28.8-32.9 
Upper postcanine length Preorbital process width 
A. tropicalis 57.6 0.58 4.83 51.6-62.6 A. tropicalis 50.4 0.67 6.40 45.2-56.6 
A. gazella 64.8 0.78 5.23 57.9-70.4 A. gazella 65.5 0.76 5.09 57.4-74.1 
hybrid 61.7 2.16 7.80 54.3-66.2 hybrid 61.0 1.18 4.32 56.9-63.6 
Optic foramen - condyl length Interorbital process width (anterior) 
A. tropicalis 98.4 0.67 3.26 93.1-105.1 A. tropicalis 22.0 0.46 10.04 17.5-25.9 
A. gazella 108.3 0.99 3.99 102.8-119.6 A. gazella 36.9 0.65 7.72 32.5-42.3 
hybrid 105.7 2.08 4.39 98.1·110.4 hybrid 32.7 158 10.81 27.5-35.9 
Palate width - molar I Calvarial width 
A. tropicalis 22.3 0.35 7.55 19.2-25.5 A. tropicalis 106.6 0.87 3.92 98.6-113.1 
A. gazel/a 28.7 0.50 7.62 23.7-33.4 A. gazella 117.4 1.44 5.36 107.9-135.4 
hybrid 26.4 0.59 5.00 24.9-28.3 hybrid 116.4 4.21 8.09 105.4-131.4 
Palate width - molar 3 Skull height (at bulla) 
A. tropicalis 23.4 0.42 8.59 20.5-27.8 A. tropicalis 86.6 0.88 4.86 77.5-95.0 
A. gazella 31.3 0.46 6.46 27.8·36.7 A. gazella 99.2 1.34 5.88 87.6-110.9 
hybrid 29.1 0.79 6.05 26.1-30.7 hybrid 95.5 1.46 3.42 91.8-99.5 
Palate width - molar 5 Canine diameter (lengthwise) 
A. tropicalis 28.2 0.55 9.26 23.6·33.5 A. tropicalis 11.1 0.19 8.10 9.7-13.4 
A. gazella 40.9 0.80 8.50 35.3-51.1 A. gazella 14.2 0.19 5.74 13.2-16.5 
hybrid 36.9 1.24 7.51 33.7-39.6 hybrid 12.2 0.69 12.60 10.1-14.1 
Zygomatic width Canine diameter (widthwise) 
A. tropicalis 133.0 1.15 4.13 122.3-142.8 A. tropicalis 9.3 0.17 8.82 7.7-11.0 
A. gazella 147.5 1.92 5.67 132.2-167.3 A. gazella 12.1 0.22 8.00 10.9-14.8 
hybrid 147.2 3.90 5.92 138.6-161.9 hybrid 10.5 0.45 9.69 9.1-11.7 
Mastoid width 
A. tropicalis 123.5 1.10 4.28 115.9-135.3 
A. gazella 138.1 2.52 7.97 112.9-164.6 
hybrid 134.7 3.29 5.46 127.4-146.1 
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Table 3-Species variation in four cranial variables previously used to dif-
ferentiate Arc/ocephalus /ropicalis and A. gazella (King 1959a, Bonner 1968) 
but excluded from the present study. 
Variable and Mean CV Range 
species (mm) SE (%) (mm) 
Supraorbital process width 
A. tropicalis 48.7 1.18 11.59 39.3-57.1 
A. gazel/a 63.3 1.53 10.53 53.7-75.0 
Zygomatic root width 
A. tropicalis 13.3 0.39 13.92 9.7-18.3 
A. gazel/a 19.9 0.34 7.42 16.5-22.2 
Squamosal-jugal suture length 
A. tropicalis 39.9 0.51 6.23 36.445.6 
A. gazella 34.0 1.04 13.37 23.443.5 
Gnathion to preorbital process length 
A. tropicalis 48.2 0.800 8.00 37.7-54.9 
A. gazelfa 57.5 0.72 5.47 50.8-62.5 
Table 4-Geographic variation in cranial morphology of Arc/ocephalus gazelfa from Marion Island (MI, n=4) and South Georgia (SG, n= 15). Underlined variables 
differ significantly (P < 0.05). 
Variable and Mean CV Range Vanablt: and Mean CV Range 
locality (mm) SE (%) (mm) Probability Locality (mm) SE (%) (mm) Probability 
Cond~lobasal length Occipital Candy I width 
MI 233.4 3.14 2.69 227.7-240.2 MI 53.1 0.84 3.16 51.0-54.7 0.01 SG 54.6 0.91 6.47 47.6-59.8 
0.42 
SG 243.7 171 2.72 234.9-255.5 
Basilar length of Hensel Rostral width 
MI 211.6 2.42 2.28 207.3-218.4 MI 56.7 3.35 11.83 49.7-64.3 0.04 SG 56.9 1.02 6.93 52.6-65.3 
0.94 
SG 219.4 1.66 2.93 210.2-230.9 
Palital length Maximum nasal width 
MI 106.7 4.63 868 94.2-114.0 MI 31.1 0.83 5.31 29.3-33.3 0.03 SO 33.6 0.45 5.17 31.0-36.5 
0.02 
SO 114.9 1.28 4.33 \05.5-124.4 
Upper postcanine length Pre-orbital ~rocess width 
MI 63.4 1.36 4.29 60.2-66.6 MI 61.6 1.70 5.52 57.4-65.3 
SO 
0.34 SO 66.5 0.66 3.83 64.0-74. I 
001 
65.2 0.91 5.40 57.9-70.4 
Optic foramen - Candy I length Interorbital process width (anterior) 
MI 105.1 0.62 1.17 103.7-106.7 MI 36.5 2.23 12.25 32.5-40.8 0.10 SO 37.0 0.64 6.66 33.642.3 
0.74 
SO 109.1 1.15 4.10 11)2.8-119.6 
Paiate width - molar I Calvarial width 
MI 28.4 1.22 8.61 25.6-31.3 :viI 112.4 2.28 4.06 107~9-117.7 
SG 
0.77 SO 118.8 1.57 5.13 110.8-135.4 
0.07 
28.8 0.57 7.64 23.7·33.4 
Palate width molar 3 Sk-ull height (at bulla) 
MI 31.8 1.11 ,,'IS 28.8-34 0 MI 95.5 4.08 8.56 87.6-\02.5 
SO 
0.61 SO 100.2 1.27 4.92 92.7-110.9 
0.15 
31.2 0.53 6.52 27.8-36.7 
Palate width - molar 5 Canine diameter (lengthwise) 
Mt 40.2 1.19 5.91 37.3-42.6 MI 14.3 0.47 6.61 13.2-15.5 
SO 0.97 
0.64 SO 14.2 0.21 5.74 13.5-16.5 
089 
41.1 9.14 35.3-51.1 
Zygomatic width Canint:: diameter (widthwise) 
MI 145.1 5.02 6.91 132.2·153.7 MI 12.7 0.83 13.06 11.0-14.8 
SO 148.2 2.10 
0.54 SO 12.0 0.19 6.14 10.9-i3.3 0.27 5.50 135.3- 1()7.3 
Mastoid width 
MI 128.7 6.04 9.39 I i2.9-138.8 0.05 
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Figure 2-Distance phenogram of specimens of Arctocephalus tropicalis, A. gazella, and the interspecific hybrid clustered by 




Table S-Factor matrix from the 19-variable principal component analysis 
of specimens of Arc/ocephalus gaulla, A. /ropicalis, and the interspecific 
hybrid, showing the character loadings on the first three components. 
Factor Factor Factor 
Variable II 1II 
Condylobasal length 0.947 0.020 -0.176 
Basilar length of Hensel 0.940 -0.004 -0.173 
Palital length 0.924 -0.093 -0.078 
Upper postcanine length 0.800 -0.132 -0.254 
Optic foramen - condyl length 0.891 0.053 -0.165 
Palate width - molar I 0.946 0.094 0.167 
Palate width . molar 3 0.918 -0.003 0.215 
Palate width - molar 5 0.939 -0.029 0.182 
Zygomatic width 0.886 0.353 0.134 
Mastoid width 0.879 0.331 -0.078 
Occipital condyl width 0.806 -0.045 -0.440 
Rostral width 0.957 -0.095 0.082 
Maximum nasal width 0.881 -0.155 0.160 
Pre-orbital process width 0.949 -0.021 0.177 
Interorbital process width (anterior) 0.936 -0.119 0.179 
Calvarial width 0.863 0.339 -0.067 
Skull height (at bulla) 0.930 0.126 0.008 
Canine diameter Oengthwise) 0.844 -0.393 -0.040 
Canine diameter (widthwise) 0.879 -0.246 0.068 
44 
I 
i A. tropicalis A. gazella Hybrid 
Figure 3-Pairwise comparison of factors I and n from the principal component analysis of the ATctocephalus specimens. Numbers 





i A. tropical is A'9'lzella Hybrid 
10 
Figure 4-Pairwise comparison of factors I and In from the principal component analysis of the Arclocephalus specimens. Numbers 
refer to OTU's. 
(Table 5). The second, which accounts for an additional 3.52 % of 
the trace, is a shape component since the character loadings indicate 
that this component is influenced mostly by zygomatic, mastoid, 
maximum nasal, and calvarial widths as well as the canine diameters 
(both lengthways and widthways) and the upper postcanine length. 
The third component which contributes an additional 3.10% to the 
total phenetic variation (total = 87.99 %) is influenced primarily 
by upper postcanine length, palate width at molar 3, and occipital 
condyl width. Although the eigenvalues for components II and III 
are less than unity (0.67 and 0.59, respectively), this does nm 
necessarily mean that they have no biological significance (N. J. 
Dippenaar, Transvaal Mus., Pretoria, pers. commun.). 
The ordination diagram illustrating the pairwise comparison of 
components I and II (Fig. 3) shows good separation between the 
A. tropicalis OTU's (20-42) and the A. gaze/fa OTU's (1-19) along 
component I, with the A. tropicalis OTU's clustered on the left of 
the component scale while the A. gazelfa OTU's cluster towards 
the right of the component scale. The outlying A. gazelfa OTU (10) 
is the large specimen mentioned earlier. The interspecific hybrid 
OTU's (43-46) occupy an intermediate position between the two 
species. The two species did not separate clearly along the second 
component. 
In the ordination diagram illustrating the pairwise comparison 
of components I and III, the separation of the A. tropicalis and A. 
gazella OTU's along component I is repeated (Fig. 4). However. 
further distinction was masked by the lack of separation along the 
third component as was to be expected from the low contribution 
of this component (3.10%) towards the total phenetic variation. 
The distinctiveness of the OTU's representing A. tropicalis and 
A. gazelfa is greatly enhanced by the addition of the minimum span-
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ning tree (MST) connections to the principal component analyses 
ordination diagrams (Figs. 3 and 4). All of the OTU's represent-
ing the two species have nearest relative connections with the ex-
ception of the two small Marion Island A. gazella OTU's (16 and 
17) which are connected via an interspecific hybrid (OTU 43) to 
the other A. gazella OTU's. Revealingly, the MST connection 
between the two species is via an interspecific hybrid (OTU 47), 
emphasizing the intermediate nature of the interspecific hybrids. 
Discriminant function analysis 
The A. tropicalis. A. ga::.elfa, and interspecific hybrid samples were 
compared pairwise in a two-group discriminant function analysis 
for the purposes of identification. The cranial variables selected 
by this procedure are useful for the identification of the taxa but 
are not necessarily the most important characters in the data ~et. 
The corresponding standardized and unstandardized coefficients and 
the constants are presented in Table 6. The derived discriminant 
scores, plotted as frequency histograms (Fig. 5), clearly illustrate 
the separation between the two species and between the species and 
the hybrids. All OTU's were correctly classified a posteriori. 
DISCUSSION ____________ _ 
The fur seals in this study exhibited relatively high variation (as 
expressed by the CV) for cranial measurements, especially when 
compared with skeletal measurements of bats (Swanepoel and 
Genoways 1978) and lagomorphs (Yates et al. 1979; Robinson and 
Dippenaar 1983). The CV's for skeletal measurements found here 
Table 6-Results of the two-group discriminant funclion analysis of (a) Arc/ocephalus /ropicaJis 
and A. gazella, (b) A. /ropicaJis and the interspecific hybrids, and (c) A. gaze/Ja and the interspecific 
hybrids. 
-----------------------------------------------
A. ArclOcephalus /ropicalis 
and A. gazella 
A. /ropicalis 
Measurement x(mm) 
Basilar length of Hensel 194.8 
Palate width at molar I 22.3 
Palate width at molar 3 23.4 
Mastoid width 123.5 
Preorbital process width 50.4 
Interorbital process width (anterior) 22.0 
Calvarial width 106.6 
Skull height (at bulla) 86.6 
Canine diameter (lengthwise) Il.l 
Canine diameter (widthwise) 9.3 
B. ArclOcephalus Iropicalis 
and interspecific hybrids 
A. /ropicalis 
Measuremenl x(mm) 
Palital length 94.5 
Palate width at molar I 22.3 
Palate width at molar 3 23.4 
Palate width at molar 5 28.2 
Mastoid width 123.5 
Preorbital process width 50.4 
Interorbital process width (anterior) 22.0 
Canine diameter (lengthwise) 11.1 
C. Arc/ocephalus gazel/a 
and interspecific hybrids 
A. gazelfa 
Measurement x(mm) 
Upper postcanine length 64.8 
Palate width at molar I 28.7 
Palate width at molar 5 40.9 
Mastoid width 138.1 
Occipital condyl width 54.2 
Preorbital process width 65.5 
Calvarial width 117.4 
Skull height (at bulla) 99.2 
Canine diameter (widthwise) 12.1 
resemble those for the external morphological measurements in thc 
aforementioned studies. external morphological measurements vary-
ing more than skeletal measurements (Swanepoel and Genoways 
197 8). This variability may be a feature of marine mammals and 
should be borne in mind when variables are selected for analyses. 
The results of the multivariate analyses performed here are in 
agreement with earlier findings (Repenning et al. 1971) that A. 
lropicalis and A. gazella are phenotypically distinct species. The 
two species differ principally in the size of their skulls, with A. 
gazelln being larger than A. tropicalis. Four measurements previous-
ly used to differentiate these twe species. namely supraorbital 
process width, zygomatic root width, squamosal-jugal suture length, 
and gnathion-to-preorbital process length (King 1959a; Bonner 
1968) were found to be unsuitable for taxonomic purposes due to 
high intraspecific variation or interspecific overlap. The two species 
were most clearly separated in the phenogram generated from the 
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A. gazelfa Unstandardized Standardized 
x(mm) coefficients coefficients 
217.7 -0.1058 -0.6638 
28.7 0.2815 0.5423 
31.3 -0.2027 -0.4086 
138.1 0.1503 1.2559 
65.5 -0.1163 -0.3806 
36.9 -0.3724 -0.9358 
117.4 -0.1303 -0.6819 
99.2 0.1204 0.6024 
14.2 -0.4916 -0.4239 
12.1 -0.4434 -0.3958 
Constant 32.1282 
Hybrid Unstandardized Standardized 
x(mm) coefficients coefficients 
103.4 -0.2483 -l.0639 
26.4 0.4681 0.7650 
29.1 -0.7595 -1.4986 
36.9 -0.3032 0.8001 
134.7 0.1300 0.7350 
61.0 0.7219 2.2678 
32.7 -0.9412 -2.3116 
12.2 -0.5014 -0.5133 
Constant 14.7029 
Hybrid U nstandardized Standardized 
x(mm) coefficients coefficients 
61.7 0.4462 l.6466 
26.4 1.3361 2.7459 
36.9 -0.2565 -0.8622 
134.7 -0.2848 -2.9715 
51.3 0.4443 1.3862 
6l.0 1.1737 3.7747 
111;.4 -0.2012 -1.4008 
95.5 -0.4715 -2.5717 
10.5 0.8168 0.8006 
Constant -56.1406 
distance matrix. No meaningful separation of OTU's resulted from 
the correlation phenogram. Similarly, the clearest differentiation 
between the two species was found along Component I (size) of 
the PCA ordination diagrams, with poor separation along the second 
and third components 
In addition to the above separation between these two species, 
the results of the stepwise discriminant function analyses provide 
a highly reliable means of distinguishing these two Arctocephalus 
species. Of the 19 variables used in this study, 10 (Table 6a) pro-
vide maximum separation between adult male specimens of A. 
tropica!is and A. gazelln. The measurements obtained for unknown 
specimens are multiplied by the measurements corresponding to 
unstandardized coefficients (Table 6a), summated, and added to the 
appropriate constant. The resultant discriminant score can then be 
plotted in the histograms of discriminant scores (Fig. 5), and the 
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DISCRIMINANT SCORE 
Figure S- Histograms of discriminant scores from the two-group di~criJninant function analyses of \A) A. lropicaiis (stripes) aDd 
A. gaze/Ill (dots), (8) A. Iropicalis and the interspecific hybrids (solid), and (e) A. gaze/Ill and the interspecific hybrids. Arrows 
indicate positions of the mean discriminant scores. 
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affinity. This provides an accurate means of species identification 
between specimens of A. tropicalis and A. gazella, based entirely 
on cranial characters, and should prove of practical value in the 
identification of museum material of doubtful origin. At present 
the discriminant function analyses are limited to adult males of A. 
tropicalis, A. gazella, and the interspecific hybrid. The benefits 
of including other age and sex classes as well as the remaining six 
arctocephaline species would be great, especially in light of the in-
creasing frequency of vagrant fur seals being recorded (Payne 1979; 
Shaughnessy and Ross 1980; Kerley 1983c). 
From the PCA it is apparent that the hybrid specimens are inter-
mediate in cranial morphology between the two parent species with 
some specimens tending towards one or the other parent species 
(e.g., OTU 44) . No information is available regarding the parent-
age of these hybrid individuals. The expected result of a diversity 
of generations (i.e ., F I and later hybrids, as well as hybrids back-
bred with the parent species) would be to produce a normal distribu-
tion of skull measurements since size is polygenic. 
The adult male hybrids can be phenotypically distinguished in 
the field on the basis of external appearance. This subjective defini-
tion of the hybrids is strongly supported by the present multivariate 
analyses, especially the PCA which has no a priori classification. 
These results support the contention (Condy 1978) that these two 
species are hybridizing at the Prince Edward Islands. Furthermore, 
possible hybrids can be identified by means of the discriminant func-
tion results with a suite of eight cranial measurements providing 
maximum separation between A. tropicalis and the hybrids (Table 
6b. Fig. 5), or nine cranial measurements to separate A. gazeLLa 
and the hybrids (Table 6c, Fig. 5). Caution should be exercised, 
however, in the classification of putative hybrids which show af-
finities for the parent species in the discriminant function analysis. 
Multiple generation hybrids backbred predominantly with one of 
the parent species would be difficult to distinguish from that species. 
Further genetic information would be necessary for a decision in 
such a case. 
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Population Dynamics 
of Fur Seals 
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ABSTRACT 
A relatively simple age-structured model applicable to most species of fur seals 
was constructed. Using the model and available data on vital parameters and 
observed rates of increase or decrease of tbe various populations of fur seals, I 
investigated the interrelationships among the vital parameters and their effect 
on the rate of increase of the population. There are some similarities among tbe 
populations: (I) all must have high adult survivorship, i.e., greater than 85% 
per year; (2) changes in age at first reproduction alone do not greally affect the 
rate of increase of the population; and (3) small changes (not statistically detectable 
without very large sample sizes) in any combination of vital parameters can 
significanlly cbange tbe rate of increase of the population. There are also two 
important dissimilarities: (1) the observed rates of population increase for the 
southern species (as high as 15-16% per year) are much higher than the max-
imum rate of increase observed for the Pribilof Island population of northern 
fur seals (8% per year); and (2) many of the southern populations of fur seals 
are increasing, whereas most of the populations of northern fur seals have 
decreased recently or have remained stahle. The first suggests that scientists must 
be circumspect in applying vital parameters estimated for Calwrhinus to Arc/a-
cephalus; the second implies that comparisons of population dynamics must take 
into account the environmental differences which affect the vital parameters. The 
model also allows one to estimate adult survival If the growth rate and the average 
age of the breeding females are known. 
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INTRODUCTION -----------
Models have been developed to describe the dynamics of several 
fur seal populations and to predict or describe how those popula-
tions vary over time. Frisman et al . (1982) modeled the Robben 
Island population of the northern fur seal, Callorhinus ursinus. York 
and Hartley (1981) modeled the harvested portion of the St. Paul 
Island population of C. ursinus to investigate the relationship of 
a decline in the fur seal population to a harvest of females. Eberhardt 
(1981) modeled the dynamics of the Pribilof Island population of 
northern fur seals during 1950-76 with an emphasis on understand-
ing possible density-dependent effects on juvenile survival. Smith 
and Polacheck (1981) reexamined the life table of northern fur seals 
to attempt an understanding of that population's regulatory 
mechanisms . Chapman (1973) modeled the northern fur seal popula-
tion to estimate the level of the population necessary to obtain max-
imum sustainable yield . Shaughnessy and Best (1982) and Shaugh-
nessy and Butterworth (1981) modeled the population dynamics of 
the South African fur seal, Arclocephalus pusillus pusillus, to deter-
mine the annual yield of yearlings . 
In the present paper, a relatively simple age-structured model was 
developed that is sufficiently general to be applicable to most species 
of fur seals . To compare the dynamics of the various populations 
of fur seals, the available data on some vital parameters for those 
populations are summarized. The purposes for developing the model 
were (I) to compare the dynamics of various populations of fur 
seals for which some vital parameters have been measured and, 
therefore, (2) to understand, in a general way, how a change in 
one vital parameter affects the rate of increase or decrease of the 
population, or how a change in one or two parameters can com-
pensate for changes in other vital parameters and maintain a rate 
of increase, and (3) to give ranges of values of the unknown vital 
parameters for those populations for which only some vital 
parameters are known. 
AVAILABLE DATA __________ _ 
Most fur seals breed at very remote locations and are pelagic for 
some part of their life cycle. Thus, it is difficult, time-consuming, 
and expensive to measure vital parameters for such species. Table 
I sl!mmarizes available information on several vital parameters for 
females of various populations of fur seals. The vital parameters 
presented in Table 1 are generalized, that is, less detail is presented 
than is known for some populations (namely , the populations of 
northern and Antarctic fur seals) in order to compare parameters 
among several populations and species. 
The rate of increase or decrease of a population is the most fre-
quently reported parameter because it is one of the easiest to 
measure; it usually arises out of several serial censuses of a com-
ponent of population. The logarithm of the population is regressed 
on time, and the exponential of the slope is the estimate of the growth 
rate of the population . 
Adult survivorship is not known for most populations probably 
because its measurement requires a long-term study of marked 
cohorts or random samples from a population with a stationary age 
distribution and known rate of increase. In fact, none of the estimates 
of adult survival presented in Table I were directly measured but 
were estimated from life tables which were determined from the 
age composition of a sample. Adult survival has a significant ef-
fect on the rate of increase of the population; thus, a small error 
in the determination of adult survival can invalidate the predictions 
Table I-Estimates of rate of increase or decrease of populations of various stocks of fur seals; estimates of vital parameters with source or method of obtaining 
the estimate (- indicates no information available). 
Adult Immature Juvenile Average 
Annual Number female female female Age of first age of 
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'Caleulated from summary of fur seal pup numbers in U.S. annual reports of fur seal investigations 1963·85. 
2Lander 1981. 
lCaleulated from data in Soviet annual reports of fur seal investigalions J 974·83. 






10Frisman el al. 1982, 
II York 1983, 
12Caleulated from data from Japanese pelagic surveys 1958-74. 
DC,lculated from data in Vas Ferreira 1982. 
"Caleulated from information in U.S,·Canadian combined pelagic surveys. 1958-74. 
15Caleulated from data in Payne 1977. 
16Shaughnessy 1982 . 
"Shaughnessy and Butlerworth 1981. 
'8p. Shaughnessy, CSIRO, P. O. Box 225. Dickson ACT, 2602, Auslralia, pers. commun. April 1984. 
'9M. Bester , Mammal Res. Insl.. Univ. Pretoria , Pretoria. S. Afr. , pers. commun. April 1984; Bester 1987. 
20 BeSler 1987. 
2'Hes and Rouse 1983. 
22Determined in Ihis paper ; please see caulionary note in Resulls section. 
based on a mathematical model of that population (Eberhardt and 
Siniff 1977; Smith and Polacheck 1981). 
Fecundity' is reported for several species but the rates are deter· 
mined in a variety of ways . For C. ursinus, fecundity was estimated 
from pregnancy rates in pelagic samples (sex ratio of fctuses is ap-
proximately I: I). For other species, fecundity was measured on 
land from animals taken on the breeding islands. It is difficult to 
determine how representative any fecundity measurement is for fur 
seals. For example, pelagic measurements of fecundity for C. 
'The average number of female offspring born each year to each female older Ihan 
the average age of firsl reproduction. 
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ursinus vary over time (both months and years) and over location 
(York 1979). The fecundity rates for C. ursinus in Table I are based 
on large numbers of seals, but it is not known how representative 
they are of the population. Measurements of fecundity for C. ursinus 
taken on land also vary. A sample from the rookeries at the height 
of the breeding season may include 90-99 % pregnant or postpartum 
females, while one taken on haul-out sites can contain as few as 
40% pregnant or postpartum females. A sample taken on the 
breeding area late in the season will have 50-80% pregnant or 
postpartum (Abegglen and Roppel 1959). 
Juvenile survival from birth to age 1 or 2 years is reported for 
several populations of C. ursinus and the Bird Island population 
of A. gazella. It is known that juvenile survival varies significantly 
from year to year in C. ursinus (Lander 1975, 1979; Frisman et 
al. 1982); survival estimates in these papers are based on estimates 
of the utilization rates in the commercial harvests using a method 
developed by Lander (1975). The juvenile survival estimates for 
C. ursinus in Table I are the ranges reported in Lander (1979) and 
Frisman et al. (1982). Payne (1977) estimates juvenile survival for 
the Bird Island population of A. gazella using a simple population 
model; thus, that estimate is not for a single cohort but is an average 
over several cohorts. 
The average age of breeding females in the population (genera-
tion length) is available for C. ursinus, the Bird Island population 
of A. gazella, and the Gough Island population of A. tropicalis. 
Age at first reproduction is available for most populations. The an-
nual survival rate of prereproductive animals older than 2 years 
is reported only for C. ursinus . 
METHODS ________________________ ___ 
Description of the model 
Suppose we have a population with the following vital parameters: 
). juvenile survival rate from birth to age 2 years; 
p , annual survival rate age 2 years to the age at first 
reproduction (a); 
s, the average annual survival rate for animals older than a; 
and 
m, the fecundity rate, the average number of female pups 
born to each female, for animals ages a to N. 
The age at first reproduction is a, and the maximum age of a 
reproductively active animal is N. Therefore, N-a+ 1 is the max-
imum number of years a female is reproductively active;) pa-2 is 
the rate of survival from birth to age at first reproduction. 
The intrinsic rate of increase of this population (Charlesworth 
1980), after the population has acquired a stable age distribution. 
is In (A), where A is computed in the following way: 
N 
2 (1/,1.)"+1 m-j'po-2 s X-O (1) 
):=(1 
The principal eigenvalue of the Leslie matrix corresponding to 
this model is A. Since for our applications the value of the prin-
cipal eigenvalue is near I, the annual rate of increase of the popula-
tion is approximately A - I. 
Rewriting equation (I) and using the formula for the sum of a 




(sIA) N-a+ I 
1 - (slA) 
Solving for ) , the following formula is obtained: 
) (I - slA) 
- (sl A)N-a+ I (2) 
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The special case in which N is very large and (sl A) < 1, that is 
(sIA)N-a+ I near 0, was analyzed by Eberhardt and Siniff (1977). 
Analysis of the model 
To understand how these parameters interact, the survival rate to 
age 2 (j) was computed using equation (2) for several values of 
A, s, and N. It was assumed p = s so that the calculated) is actual-
ly a lower bound on the true value of) because, generally, p < 
s. For example, for C. ursinus, p is about 0.85 and s is 0.90. The 
A is assumed to be between 0.92 and 1. 16 (the range of observed 
A in various populations of fur seals, Table 1); I assumed that the 
annual survival rate (p) between ages 2 and a, the age at first 
reproduction, was the same as the adult survival rate (between 0.75 
and 0 .99) . Two cases for N were examined: In the first, N is assumed 
to be large and the model is essentially the Eberhardt-Siniff model; 
in the second , N is assumed to be 25, (N = 25 is not an unreasonable 
maximum age for reproductive C. ursinus or A. gazella). These 
A. a, s. m, and) surfaces appear as five-dimensional figures in 
Figures I and 2 . 
The average age of breeding females after a stable age distribu-
tion is reached (Charlesworth 1980) is: 
N 
T = 2 x·sx-a (I/A)X m"j'pa-2 (3) 
.1"=0 
Substituting the solution for) from equation (2) into equation (3), 
one obtains a solution for T in terms of the ratio of s to A: 
N 
T = (s/A)-O ~_/A_ 2 x(sIA)" 
1 - (slA) N-a+ I x=a (4) 
Equation (4) facilitates the investigation of the consistency of the 
possible range of fecundity, adult survival, and juvenile survival, 
if an estimate of the average age of breeding females in the popula-
tion is available. 
Payne (1977) gives the age composition of a sample of 198 
breeding females from the Bird Island herd of A. gazella. The 
average age of the breeding females was about 7.41 years. From 
data collected in the eastern North Pacific Ocean by Canadian and 
U.S . scientists during 1958-74. the average age of the Pribilof 
breeding population was about 10.38 years. Data collected in the 
western North Pacific Ocean by Japanese scientists during the same 
period showed the average age was 8.23 years. By substituting the 
above estimates of average age of pregnant females (T) into equa-
tion (4) , one can solve for sl A if the maximum age of reproductive 
females (N) and the age at first reproduction (a) are known. Then, 
if estimates of A and T are available, the adult survival rate (s), 
can be approximated . 
RESULTS ____________ _ 
Using the model and the derived equation for juvenile survival (equa-
tion (2» , three-dimensional surfaces were constructed for each com-
bination of A and age at first reproduction (Figs. 1 and 2). Each 
three-dimensional surface represents the various combinations of 
fecundity (m), adult survivals (s), and minimum juvenile survival 
(j) required to maintain the population increase at approximately 
A -1 with the given age at first reproduction (a). Thus, Figures I 
1.16 
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Figure I-Combinations of fecundity (0.2<m <0.5), adult survival (0.75<s <0.99), and juvenile survival (O<) <I) required to maintain an intrinsic rate of increase 
of approximately I-A for the given age at first reproduction. (It is assumed that s <A and that there is no maximum largest age (N)). 
and 2 indicate how the five parameters interact and how changes 
in various other vital parameters affect juvenile survival; in par-
ticular, the figures show the manner in which the surfaces change 
with increasing A or a. In Figure 2, the maximum age for reproduc-
tive females is 25 years, but in Figure 1 there is no bound except. 
of course, the practical bound placed on the maximum age by the 
value of adult survival. Thus, Figure 1 is a representation of the 
Eberhardt-Siniff model (1977) and Figure 2 the somewhat more 
complicated model. The juvenile survival surfaces in Figure I are 
slightly lower than those for the corresponding values of age at first 
reproduction and A in Figure 2 because the total number of reproduc-
tively active years is larger. 
The particular values of A were chosen because they are near those 
observed for the various popUlations of fur seals (Table I). The 
values of age at first reproduction (a) were chosen to be 3, 4. and 
5 because this is the range of age at first reproduction observed 
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for various species of fur seals (e.g., c. ursinus, A. gazella, A. 
p. pusillus, A. p. rWriferus, and A. tropicalis; no data were available 
for A. philippii, A. townsendi, A. australis, or A. galopagoensis 
which may have higher ages at first reproduction). In Figures I 
and 2. fecundity ranges from 0.2 to 0.5 and adult survival from 
0.75 to 0.99. These ranges were chosen because the empirical data 
suggest these are reasonable limits. Furthermore, the calculations 
using equation (2) indicate that for most situations, adult survivor-
ship must be quite large to simply stabilize the population (i.e., 
if A = I) and even higher if the population is growing (i.e., if A> I). 
For some combinations of fecundity and juvenile survival, the 
value of juvenile survival required to maintain the indicated rate 
of increase with the indicated age at first reproduction is larger than 
I. These combinations are called ·'inadmissible" combinations 
because such combinations of A, a, s, and m give rise to solutions 












Figure 2-Combinations of fecundity (0.2<m <0.5), adult survival (0.75<s<0.99), and juvenile survival (O<j <l) required to maintain a population increase of 
approximately 1-)', age at first reprodlKtion (a), and (N), the maximum age of breeding females 25 yr. 
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Figures 1 and 2, these situations are apparent for those combina-
tions in which the juvenile survival surface is flat at the top of the 
prism. 
A proper analysis of the effects of small changes in one of the 
variables ( A, a, m, or s) on the resulting) (from equation (2» re-
quires computation of the partial derivative of) with respect to the 
variables in question and an analysis of the behavior of that 
derivative while holding the other variables constant. Instead of 
obscuring the underlying phenomena with complicated algebraic 
manipulations, I have chosen to describe these effects in somewhat 
general ways and to specify them for some of the populations whose 
vital parameters are reported in Table I. 
Both Figures 1 and 2 show that age at first reproduction does 
not have a strong effect on juvenile survival at low levels of A, but 
that the effect is somewhat stronger for larger values of A. This 
is a consequence of the assumption of equal survival rate for all 
animals older than age a; when A is large and the population is in-
creasing, a delay of 1 year in beginning reproduction reduces the 
number of pups born to a greater degree than a I-year delay for 
an older age at first reproduction (Fowler et al. 1980). Therefore, 
if A remains the same, and the population continues to grow at the 
same rate, juvenile survival must correspondingly increase (assum-
ing m and s do not change). This effect is seen in Figure 2: the 
percentage of inadmissible combinations of fecundity and adult sur-
vival grows from 6 % at age 3 to 24.1 % at age 5 for A = 1.0 (a 9 % 
change for each yearly increase in age at first reproduction), whereas 
that same percentage grows from 71 % at age 3 to 93 % at age 5 
at A= 1.16 (an II % increase for each yearly increase in age at first 
reproduction). In addition, the lowest value of) on the surface (cor-
responding to adult survival of 0.99 and fecundity 0.5) requir.:s 
a juvenile survival of 0.02 (for both a=3 and ll=5) at A= 1, whereas, 
when A= 1.16, the values are 0.46 for a=3 and 0.63 for a=~. A 
comparison of Figures I and 2 indicates that the effect of age at 
first reproduction on juvenile survival is somewhat stronger in 
Figure 2, wherein the maximum reproductive age is 25. 
The effect of fecundity on juvenile survival is negatively pro-
portional to juvenile survival and inversely proportional to fecun-
dity. (This follows from the calculation of the partial derivative of 
j with respect to m, aj I a m = -jIm). Thus, the effect of a small 
change in fecundity is greater for smaller values of fecundity and 
larger values of juvenile survival. For example, in the neighborhood 
of the average observed fecundity and survival rates for C. ursinus 
females (m=0.34, s=0.90), a decrease of 0.01 in absolute fecun-
dity (about a 3.2 % decrease) would require a compensatory increase 
of about 0.01 in absolute juvenile survival (approximately 3.1 % 
increase) to maintain the same level of population increase with 
no increase in any other vital parameter. In the neighborhood of 
the approximate fecundity and juvenile survival rates for A. gazella, 
a decrease of 0.01 in fecundity (about a 3% decrease) would re-
quire a compensatory increase of about 0.06 in absolute juvenile 
(or about an 8 % increase) to maintain the same level of increase 
of the population with no other compensatory change in vital 
parameters. 
The effect of adult survival on the computed juvenile survival 
is substantial but it is difficult to separate it from the values of other 
vital parameters and to describe in a simple way. In the neighbor-
hood of observed values of adult survival for C. Itrsinus (ea8t;':rn 
Pacific population), a decrease of 0.01 in adult survival (about a 
1.1 % decrease) requires a compensatory increase of 0.04 or 10.5 % 
in juvenile survival or an increase of about 0.03 or 10% in fecun-
dity to maintain A with same age at first reproduction. For the Bird 
Island population of A. gazella, 3. decrease of 0.01 in adult sur-
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vival (slightly larger than I % decrease) requires a compensatory 
increase of 0.04 or 5.2 % in juvenile survival or an increase of 0.02 
or 4.6% in fecundity to maintain A at 1.16. In both cases, the com-
pensation could take place with smaller increases in both juvenile 
survival and fecundity. 
Figure 3 relates information on the average age of breeding 
females in the population to s/A (equation (4» for three values of 
age at first reproduction (3, 4, and 5) and two values of maximum 
age of breeding females (N=20 and N=25). The values of N=20 
and N=25 were chosen because they appear to be approximate 
bounds on the maximum age of reproductive females for the species 
considered. There is no difference between the curves for each value 
of age at first reproduction for sf). <0.72. For sf). ~0.72, the 
average age of reproductive females increases more rapidly as the 
maximum age of reproductive females (N) is allowed to increase. 
Values of sl A were estimated for each population for which estimates 
of Twere available. These estimates are presented in Table 2 with 
values of N and age at first reproduction (a) that were used for the 
calculations. The estimate of sl A coupled with an estimate of A allows 
us to approximate adult survival, s. These estimates of s also ap-
pear in Table 2. Calculated estimates of s in Table 2 are very near 
those values reported previously in Table I. This method allows 
us to make a preliminary estimate of adult survival for A. tropicalis 
at Gough Island of approximately 0.95-0.97 based on a mean age 
of 8.45 yr from an aged sample of pregnant females (M. Bester, 
Univ. Pretoria, pers. commun.). 
DISCUSSION ____________ _ 
This paper develops a general age-structured population model 
applicable to a number of species of fur seals. The model is not 
intended to mimic the population dynamics of any particular stock 
but rather to be a tool for examining the interrelationship of the 
vital parameters and understanding in a general way the magnitude 
of compensatory effects of small and sometimes undetectable (given 
available sample sizes) changes in some vital parameter. Thus, con-
clusions about the dynamics of a particular population must not be 
taken literally since for those stocks whose population dynamics 
are better understood, the model simplifies reality a great deal. 
However, the model is useful for cross-popUlation comparisons of 
a general nature, and this is its principle use in the present paper. 
The analysis of the contents of Figures I and 2 emphasizes the 
danger of applying estimates of vital parameters from one popula-
tion to another. When the value of a vital parameter is not known, 
and a value is assumed because it is known for a similar species, 
that assumption may force unlikely combinations of vital parameters 
0r warp our understanding of the relationship among the vital 
parameters for th·;: species to which the assumed values are applied. 
The concept developed in equations (3) and (4) illustrated in 
Figure 3 is a useful tool for limiting the predicted range of vital 
parameters; estimates of adult survival derived from equation (4) 
and presented in Table 2 closely approximate those in Table 1 for 
the western Pacific population of C. ursinus and the Bird Island 
population of A. gazella. The estimate of adult survival for the 
Pribilof population of C. ursinus in Table 2 is nearly identical to 
that of the western Pacific population. The discrepancy between 
the adult survival estimates in Tables I and 2 is due to mortality 
from the commercial harvest of females during 1956-68. Life tables 
developed by Lander (1981) assumed that the population was stable 
in this period in order to estimate natural mortality rather than total 
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Figure 3-Average age of reproducing females as a function of the ratio of adult survival to lamda 
(the exponential of the rate of increase of the population) for age at lirst reproduction (a) 3, 4, and 
5, and the maximum age of reproducing females (N) 20 and 25. 
Table 2- Average age of breeding females (T), estimated ratio of adult sur-
vival to ). (the exponential of the rate of increa~e of the population), (AI s), 
the estimate of), during the period that the average age of breeding females 
was collected, and estimated adult survival (s). 
Population T sl). N a 
C. ursin us , Pribilof 10.38 0.8938 25' 4 0.95 0.849 
1.00 0.894 
C. ursinus. W. Pacific 8.23 0.8604 23' 1.00 0.860 
A. gazella, Bird Is. 7.41 0.8282 23' 1.13 0.936 
A. ausrralis. Gough Is. 8.43 0.8439-8489 20 4 1.15 0.970-0.976 
-8.5 0.8305-8149 23 0.955-0.96 
0.8255-8296 25 O.949-0.9j4 
'Determined from the age composition of pelagic samples. 1958-74. 
'Determined from the age composition 01 samples reported in Payne (1977) 
3M. Bester, Univ. Pretoria, pers. commun. 
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to be I, then the calculated survival in Table 2 would equal the 
value in Table I. The estimates of adult survival of the Gough Island 
population of A. tropicalis range between 0.95 and 0.98 and are 
near but somewhat larger than the estimates of adult survival for 
A. gazella. If the estimate of the mean age is biased, then the cor-
responding estimate of s will be biased in the same direction. The 
estimate of average age of reproducing females for A. tropicalis 
reported in Table 1 could well be upwardly biased because it was 
based on animals found dead on the rookeries (M. Bester, Univ. 
Pretoria, pers. commun.). 
The technique for estimating adult survival from equation (4) is 
a variation on the Chapman-Robson estimate of survival (Chap-
man and Robson 1960); the variability and bias of this estimate must 
be studied before the technique can be generally applied. Further-
more, although the estimate appears to be valid even if the assump-
tion of equal adult survivorship is violated, formal studies of the 
statistical properties of the estimate must be conducted before the 
results are strongly believed. 
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AeriaJ survey and tag-recapture assessments of fur seal pup population numbers 
are considered at the 23 breeding colonies around the southeastern aud western 
coasts of southern Africa during the period 1971-83. Exponential growth curves 
are filled for each colony assuming a constant relative bias between the various 
assessment methods used. The pup population for all colonies combined is 
estimated to have grown at an average annual rate of3.9% (SE 1.1 %). The popula-
tion Is now dominated by four major mainland colonies wbich contribute 78% 
to the 1983tota! pup population estimate of 310,000. Maiuland colonies have in-
creased over the period considered al an average annual rate of7.5% (SE 1.5%), 
while island colonies have declined at 3.5% (SE 0.9%) per annum. Estimation 
of change in the growth rate suggests that this rate has increased over the period, 
though not significantly (P = 0.07). 
No direct assessments are available for adult and juvenile survival rates for 
the South African fur seal Arctocephalus pusillus pusiUus, but limitations can be 
placed on possible ranges of values. An approach is suggested which imposes the 
constraint of a population dynamics model for adult females upon these ranges, 
estimates of total pup population size and growth rate, and knowledge of the 
average annuaJ harvest of pups from 1971 to 1983. This provides refmed prob-
ability distributions for various demographic parameters; the annual average pup 
harvesting rate is e5timated to have been 37% (SE 5%), and the annuaJ adult 
female sunivaJ nile 0.92 (SE 0.02%). An example is given of how the approach 
can be extended tu provide estimates for sustainable yields. In order to improve 
the precision of estimates for tbe total population and to detect possible density-
dependent effects, priority should be given to furtber assessments of the major 
mainland colonies, particularly those at Wolf and Atlas Bays. 
'Current address: Depanment of Zoology , Rhodes University, P.O. Box 94, 
Grahamstown 6140. South Africa. 
'Current address: Department of Applied Mathematics, University of Zululand, 
Private Bag X 1001, Kwa-dJangezwa 3886, South Africa. 
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INTRODUCTION -----------
South African fur seals, Arctocephalus pusillus pusillus, are 
distributed around the southeastern and western coasts of southern 
Africa, from Algoa Bay (Iat. 34°S, long. 26°E) in the southeast 
to Cape Frio (lat. 18°30'S, long. 12°E) in the northwest . Twenty-
three discrete breeding colonies occur along this 3,ooo-lan coastline, 
of which 17 colonies are situated on small rocky islands and 6 
(including the 4 largest) are on the mainland (Fig. 1). Regular 
migratory movements do not occur in this species (Rand 1956) . 
Pupping and mating take place during the summer months of 
November and December. Females with pups return regularly to 
the rookery throughout the year, since most pups are weaned only 
shortly before the birth of the next pup. Large bulls are mostly absent 
except during the breeding season. 
Fur seals were harvested intensively and indiscriminately by 
Dutch, French, and British sealers from the eaxly 17th century , and 
by the time the first legal protection was introduced in 1893 over 
20 island colonies had been destroyed. As a result of this un-
controlled exploitation for which there are no comprehensive catch 
statistics, the seal population was reduced to very low levels by 
the beginning of the 20th century (Shaughnessy 1984). Since then, 
under more enlightened management the population has grown 
rapidly, especially over the past 40 years. This growth has con-
tinued despite continued harvesting almost every year. The total 
known harvest of pups and bulls from 1900 to 1983 was over 2.5 
million, and the average annual harvest was about 73,000 pups from 
1971 to 1983 . 
The provision of appropriate management advice for the South 
African fur seal colonies is critically dependent on quantitative assess-
ment of the population's demographic parameters. Regular aerial 
surveys and tag-recapture exercises have been carried out at the 
various breeding colonies since 1971 to detennine pup population 
sizes. In this paper, these results are analyzed to provide growth rate 
and pup population size estimates, with associated standard errors, 
for each colony and for the population as a whole. Further, these 
last estimates, together with the known pup harvest rate, are utilized 
in a model of the population dynamics to provide infonnation on 
parameters about which little is known, such as adult and juvenile 
survival rates . Throughout this paper, the term "significantly dif-
ferent" refers to a difference statistically significant at the 5 % level. 
ESTIMATION OF COWNY SIZES 
AND INCREASEIDECREASE RATES ____ _ 
Methods used to obtain basic data 
Pup population numbers at the various colonies have been assessed 
at various times using two methods: aerial photography and lag-
recapture. 
Aerial photography-Serial overlapping black-and-white photo-
graphs are taken from a height of about 130 m at selected colonies 
each year and at all colonies at 3-4 year intervals. The numbers 
of black pups an: counted on large format glossy prints, 50 x 40 
cm. The photographs are takt;ll between 17 and 22 December each 
year when the birth season is complete and peak pup numbers are 
expected. At this time the pups are on average about 3 weeks old . 
Aerial photography results have been grouped into two categories: 
AM censuses, carried out for mainland colonies, and AI censuses, 
carried out for island colonies. Mainland and island colonies have 
Figure I-Positions of present breeding and nonbreeding South African fur seal 
colonies north (a) and south (b, opposite page) of the Orange River. 
been distinguished because the mainland colonies have less rocky 
cover. Counts may therefore be affected to different extents for the 
two groups by factors such as shadow, and hence the assessments 
may be biased to differing degrees. 
Results of aerial surveys (Shaughnessy In press a.b: Sea Fish. 
Res. Inst. unpubl. data) over the period 1971-83 are listed in Tank 
I (except some 1983 surveys for which the photographs are not 
yet processed); no standard error estimates are available for these 
assessments. To avoid confusion concerning years. all new pups 
are assumed "born" on I January and allocated to the correspond-
ing year, even though the median birth date is in the preceding 
December. Hence an aerial census in, say, December 1976 has been 
denoted as 1977 in Table 1. 
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selected colonies when the pups average about 6 weeks old. Three 
different assessments of population sizes are obtained, based on 
different recaptures at later times. The first such assessment is 
termed TR. These data are obtained approximately 1 week after 
tagging. Groups of pups are surrounded, and the total numbers of 
pups and tagged pups in each group are counted. Later in the year 
(between July and September), harvesting of the pups takes place. 
Data on the proportion of tagged animals harvested provide another 
tag-recapture assessment termed H (for harvest). 
Provided there is no differential mortality between tagged and 
untagged pups over the period from tagging to harvest, the Hand 
the TR assessments both provide values for the number of pups 
present at the time tagging took place. However, the proportion 
of females among tagged pups harvested is consistently less than 
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tagged female pups suffer greater mortality than tagged males. (This 
is not unexpected, as male pups are heavier and more robust than 
females.) For this reason, H assessments have been separated on 
the basis of sex to provide HM and HF values. Pups are sexed when 
tagged, and it is also possible to sex those tagged pups harvested 
(unlike the situation for the recaptures in the TR method). Thus 
the proportions of tagged male and tagged female pups recovered 
at harvest, together with the total number of pups harvested, pro-
vide independent estimates of the total pup population (HM and HF. 
respectively) . 
Results from these methods (Shaughnessy In press a; Sea Fish. 
Res. Inst. unpubJ. data) over the period 1971-83 are also shown in 
Table l. Standard error estimates are indicated as well; they have been 
obtained through consideration of the results of successive recapture 
samples and correspond to coefficients of variation averaging 14 %. 
Only six assessments have been omitted from the list of 132 in 
Table I. For one Cape Cross harvest, data were not differentiated 
by sex. Three Wolf Bay and one Atlas Bay aerial surveys and one 
Wolf Bay TR assessment, all carried out in the early 1970s, were 
excluded as they gave results considerably lower than harvests taken 
from those colonies later in the corresponding year. Shaughnessy 
(In press a) concludes that those particular aerial surveys failed to 
photograph the complete colonies. No other marked discrepancies 
of this nature are evident in the data. Further details of the assess-




Two sets of assumptions have been made to estimate pup popula-
tion sizes and trends: 
I) Each asse~sment method (m: m = I .. . M) provides values 
biased by a constant relative factor Bm. This factor is independent 
of the colony under consideration, the year in which the assess-
ment was made, and the size of the population of that colony. There 
are five such factors, corresponding to the methods AM. AI, TR, 
HM and HF. (The justification for this assumption is discussed in 
Appendix Al.) 
2) Each colony (c: c = I ... C) is increasing (or decreasing) 
exponentially at a rate rc per annum, which is taken to be indepen-
dent of time and to remain constant as the size of the colony changes. 
An isolated colony with unchanging birth and survival rates would 
indeed manifest exponential growth in accordance with the latter 
assumption. This, however, was not the principal motivation for 
such choice. Over the 13-year period under ·;;onsideration (1971-83), 
assessments are available for an average of only 3.4 of those years 
for anyone particular colony; only for 3 of the 23 colonies are 
assessments available for as many as 5 years. In such circumstances 
it would be unreasonable to hope to obtain more than some estimate 
of the average population trend for each colony over the period, 
and the exponential form IS the simplest convenient manner of 
representing such trend. Density-dependent and immigration effects 
could well produce population trajectories deviating from the 
Table I-Assessments of fur seal pup population size made at various South African fur seal colonies, 1971-83, using aerial census and tag-recapture methods. 
Next to the colony name the designations M, I, S, and U refer to mainland, island, sealed, and unsealed, respectively. Colonies are listed in geographical order 
within each designation, commencing with the northernmost and then moving south and eastward. The right column shows the expected result using the model 
of equation (2); the parenthesized figure is the percent deviation of the observed assessment from that of the model. 
Observed assessment Model I Observed assessment Model 
Population Standard population size Population Standard population size 
Colony Year Method size error (c. V.) Colony Year Method size error (c. V.) 
Cape Cross MS 1972 AM 17,826 19,463 ( - 8.41) Albatross Rock IS 1972 AI 3,719 3,392 (9.63) 
1977 AM 22 ,134 17,511 (26.40) 1977 AI 2 ,461 4,235( -41.88) 
1980 AM 16,327 16,436 ( - 0.66) 1977 TR 5,586 927(0.166) 4,594 (21.58) 
1980 TR 18,260 2,128(0 . 117) 21,077( - 13 .37) 1977 HM 5,577 1.208(0.217) 5, 188 (7 .51) 
1980 HF 36,949 5,496(0 . 149) 30,993 (19 .22) 1977 HF 7,679 1,015(0.132) 6,756 (13 .66) 
1980 HM 20,036 2,089(0.104) 23,798( -15 .81) 1980 AI 4 ,632 4,837 ( - 4.24) 
Wolf Bay MS 1974 HF 27,943 6,108(0.219) 28,072 (-0.46) 1983 AI 5,254 5,525 (-4.91) 
1974 HM 21 ,655 4,269(0.197) 21 ,555 (0.46) 1983 TR 6.955 5,995 (16.02) 
1979 AM 17,961 21,803(-17.62) Sinclair Island IS 1972 AI 15,771 13,714 (15 .00) 
1979 TR 30,278 3,401(0 .112) 27.961 (8 .29) 1977 AI 11,066 11 ,763 ( - 5.93) 
1979 HF 49 ,389 6,085(0.123) 41,115 (20 . 12) 1978 Al 9,587 11 ,408( - 15 .96) 
1979 HM 29,462 2,759(0.094) 31,570 (-6.68) 1978 TR 11,931 1,015(0.085) 12.378 (-3.61) 
Atlas Bay MS 1974 AM 23 ,295 29.012(-19.70) 1978 HF 15 ,910 918(0.058) 18,201 (- 12.59) 
1974 TR 37,931 37,205 (1.95) 1978 HM 15,083 895(0.059) 13 ,976 (7.92) 
1974 HF 63 .589 5,286(0.083) 54,708 (16 .23) 1980 Al 11 ,370 10,729 (5.98) 
1974 HM 52,286 3,936(0.075) 42,008 (24.47) 1983 Al 9,419 9,785 ( - 3.74) 
1977 AM 25 ,278 38,584( - 34.49) 1983 TR 12,589 10,617 (18 .58) 
1979 AM 56.037 46 ,662 (20.09) Elephant Rock IS 1972 Al 2,494 1.702 (46.56) 
1979 TR 54, 151 5,836(0.108) 59.840 (-9.51) 1976 AI 1,630 1,47\ (10.82) 
1979 HF 94 .501 8,364(0.089) 87,992 (7.40) 1976 TR 1, 196 153(0. 128) 1,596( - 25.06) 
1979 HM 74,609 4,738(0.064) 67,565 (10.43) 1976 HM 1,548 223(0 . 144) 1.802( - 14 .09) 
Kleinsee MS \972 AM 30,429 25, \16 (21.15) 1976 HF 1,441 123(0.085) 2,347( - 38.60) 
1973 AM 27,776 27.718 (0.21) 1977 Al 1,538 1,418 (8 .44) 
1973 TR 30,006 4 ,259(0 .142) 35 ,546(-15.59) 1980 AI 1,826 1.271 (43.62) 
1973 HF 46,332 5,593(0.121) 52,270( - 11.36) Rohbestecn IS 1972 Al 2,425 2,679 \ -- 9.48) 
1973 HM 37,719 5,042(0.134) 40,136(- 6.02) 1977 AI 1,311 1,005 (30.41) 
1977 AM 52,870 41,120 (28.57) 1980 AI 473 558( - 15 .29) 
\980 AM 59,\65 55,274 (7 .04) Seal Island 1971 AI 14,449 14,148 (2 . 13) 
1981 TR 62,535 7,800(0.125) 78,230( - 20.06) False Bay IS 1971 1R 12,594 3,671(0.291) 15,351(-17.96) 
1981 HM 78,649 88,329( -10.96) 1971 HM 14,072 1,022(0.073) 17 ,332\ - 18.81) 
1981 HF 137,555 20 ,310(0. 148) 115,034 (19 .58) 1971 HF 33 ,097 6,232(0 . 188) 22 ,572 (46 .63) 
Van Reenen Bay \972 AM 3,241 3,241 (0.00) \977 AI 12 .312 \ 1,071 (11.21) 
MU 1980 AM 3,591 3,591 (0.00) 1980 AI 8, 188 9,793( -16.39) 
Lions Head MU 1972 AM 2.767 2 ,767 (0.00) 1982 AI 8,574 9.025 ( - 4.99) 
1977 AM 3,265 3,265 (000) 1982 TR 9,611 919(0 .096) 9,792 (- 1.85) 
Marshall Reef IS 1972 AI 755 781 (-3.31) 1983 AI 10,017 8.663 ()5 .63) 
1977 Ai 388 317 (22.40) Geyser Rock IS 1972 AI 2,679 · 3,525( - 24 .01 ) 
1978 AI 259 265 (-2 . 15) 1976 AI 4,681 4,577 (2 .28) 
1978 TR 248 14(0.056) 287( -13 .65) 1976 TR 6,533 845(0. 129j 4,966 (31.56) 
Staple Rock IS 1972 AI 2,908 3,199 (-9.09) 1977 AI 6,873 4 ,885 (40 .69) 
1977 AI 2,128 2,103 (1.18) 1980 AI 4,099 5,942( - 31 .01) 
1978 Ai 2,485 1,934 (28.49) 1982 AI 6,139 6,770 ( - 9.32) 
1978 TR 2,043 260(0.127) 2,098 (-2 .64) 1982 TR 8,163 1,423(0.174) 7,346 (11.13) 
1978 HM 2,376 469(0.197) 2,369 (0.28) Quoin Rock IS 1972 AI 3,744 3.176 (17 .87) 
1978 HF 3,538 889(0.251) 3,086 (14.66) 1975 AI 1,730 1.670 (3.61) 
1980 AI 1,236 l,635( -24.42) 1975 TR 2,292 207(0.090) 1.812 (26 .51) 
Boat Bay Rock IS 1972 Al 1,689 1,851 (-8.74) 1975 HM 1,740 196(0. 113) 2,046( -14.94) 
1977 Ai 1, 121 954 (17 .55) 1975 HF 1,832 207(0.lI3) 2,664( -31.23) 
1978 AI 984 835 (17 .81) 1977 AI 1,092 1,088 (0.41) 
1978 TR 870 143(0.164) 906 (-4 .00) 1980 AI 630 572 (10 . 19) 
1980 Ai 528 641( -17 .59) Seal Island 1972 AI 3,234 3,616( - 10.57) 
Dumfudgeon Rock 1972 AI 2,873 2,554 (12 .50) Mossel Bay IS 1975 AI 1,262 1,640( - 23 .07) 
IS 1977 AI 791 866 (-8.67) 1975 HM 2,552 202(0.079) 2.010 (26.99) 
1978 AI 921 698 (32 .01) 1975 HF 2,421 266(0 . 110) 2,617 (-7.50) 
1978 TR 661 66(0. 100) 757( -12 .68) 1975 TR 2.095 298(0. 142) 1,780 (17 .71) 
1978 HM 872 346(0_397) 855 (2 .02) 1977 AI 1, 177 968 (21.53) 
1978 HF 677 268(0.396) 1, 1l3(-39. 18) 1980 AI 380 439( -13 .50) 
1980 AI 616 453 (36.07) Hollams Bird 1972 AI 5.039 5,039 (0.00) 
Long Islands IS 1972 Al 12,219 13,097 (-6.70) Island IU 1977 AI 2,807 2 ,807 (0.00) 
1977 AI 10, 124 13,791(-26.59) Black Rock IU 1977 AI 221 221 (0.00) 
1977 TR 15,155 1,487(0.098) 14,963 (1.29) 1980 AI 278 278 (0 .00) 
1977 HF 29,395 5,850(0.199) 22,002 (33 .60) Jacobs Reef IU 1972 AI 4,804 4 ,804 (0.00) 
1977 HM 20,809 2,797(0.134) 16,894 (23 . 17) 1977 AI 3,840 3,840 (0.00) 
1980 Al 12,252 14,224( -13 .87) Black Rocks 1972 AI 1,702 1,074 (58.41) 
1983 Al 13,178 14,672( -10.18) Algoa Bay IU 1977 Al 112 382(-70.67) 
1983 TR 18,025 15,919 (13.23) 1980 Al 442 205 (115.26) 
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exponential form, but there is insufficient data to warrant the 
associated additional parameters, and the exponential should never-
theless produce a reasonable representation of the average trend 
for the short period concerned. 
Hence the model underlying the estimation procedure is that if 
colony c produced Ne (0) pups in the initial year (taken to be 
1971), then t years later N~ (t) pups will be produced, where 
N~ (I) = Ne (0) e rei (1) 
If method m is used I years after 1971 to assess the number of 
pups in colony c, the expected result will be 
(2) 
The model has M + 2C = 51 parameters in all: 5 method bias 
factors and 2 x 23 colony population parameters (initial sizes and 
increase rates). Clearly the data can determine only relative and 
not absolute bias factors, so that B, (corresponding to the TR 
method) was set equal to 1. (This is discussed further in a subse-
quent section.) 
To estimate the remaining M + 2C - 1 = 50 parameters from 
obs 
the n = 132 colony size assessments Nm.e(t) available, it was 
assumed that 
where the errors E are normally distributed with mean 0 and stan-
dard deviation o. 
Note that 0 will reflect a combination of assessment error, 0 
(method), and model error, 0 (model): 
0 2 = 0 2 (method) + 0 2 (model) (4) 
The estimation procedure assumes 0 2 (method) is the same for the 
various assessment methods (m). (This is discussed further in 
Appendix A2.) Maximum likelihood parameter estimation then 
corresponds to the least squares minimization of 
(5) 
m,C,! 
The solution was found computationally. Associated values of 
exp 
the expected assessments results N m,e (t) are shown in Table 1, 
together with the percentage discrepancies to which actual assess-
obs 
ments Nm,eCt) correspond, For five of the colonies (Van Reenen 
Bay, Lions Head, Hollam's Bird Island, Black Rock, and Jacobs 
Reef) only two observations are available in each case; thus the 
model (equation (I» fits exactly and the discrepancies are zero. 
More technical aspects of the calculation procedures, including fur-
ther discussion of the assumptions made and the method used to 
estimate standard errors, are detailed in Appendix A. 
Results and discussion 
Table 2 shows estimates of initial pup population size Ne(O) (refer-
ring to the year 1971) and annual increase rates for each colony, 
The increase rate re has been expressed as a percentage growth per 
annum Re as follows: 
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Table 2-Pup population size estimates for each fur seal colony in 1971 and 
1983 together with the annual growth rate (equation (6). The parenthesized 
figures are standard errors followed, in the case of population sizes, by coef-
ficient of variation estimates. Population sizes are in tenos of the TR assess-
ment method. 
Pup populalion Annual 
growth 
Colony 1971 1983 (%) 
Cape Cross 25,493(7,308/0.287) 19,782 (3,734/0.189) -2.09(3.22) 
Wolf Bay 15,184(4,760/0.313) 37,943(11,227/0.296) 7.93(4.76) 
Atlas Bay 27,975(5,756/0.206) 87,518(19,876/0.227) 9.97(3.48) 
K1einsee 29,185(4,246/0.145) 95,283(15,063/0.158) 10.36(2.20) 
Van Reenen 
Bay 4,103(1,130/0.275) 4,786 (1,720/0.359) 1.29(3.98) 
Lions Head 3,433( 1,143/0.333) 5,107 (3,933/0.770) 3.37(6.81) 
Marshall 
Reef 1,015 (301/0.297) 117 (42/0.359) -16.50(3.96) 
Staple Rock 3,774(1,081/0.286) 1,380 (359/0.260) -8.04(3.66) 
Boat Bay 
Rock 2,293 (619/0.270) 467 ( 133/0.285) -12.42(3.50) 
Dumfudgeon 
Rock 3,440 (934/0.272) 257 (66/0.257) -19.45(3.05) 
Long Islands 14,064(2,771/0.197) 15,919 (2,362/0.148) 1.04(2.46) 
Albalross 
Rock 3,521 (764/0.217) 5,995 (855/0.143) 4.53(2.57) 
Sinclair 
Island 15,344(3.310/0.216) 10,617 (1,444/0.136) -3.02(2.36) 
Elephant 
Rock 1,915 (485/0.253) 1,237 (392/0.317) -3.58(3.91) 
Robbesleen 3,536 (966/0.273) 336 (110/0.327) -17.80(3.33) 
Seal Island 
False Bay 15,351(1,872/0.122) 9,400 (1,303/0.139) -4.00(1.48) 
Geyser Rock 3,583 (744/0.208) 7,841 (1,373/0.175) 6.74(2.72) 
Quoin Rock 4,270 (835/0.196) 326 (110/0.337) -19.29(3.04) 
Seal Island 
Mossel Bay 5,107(1,026/0.201) 216 (69/0.319) -23.16(2.90) 
Hollams 
Bird Is 6,146(1,884/0.307) 1,509 (1,089/0.722) -11.04(5.71) 
Black Rock 152 (182/1.197) 379 (246/0.649) 7.95(12.20) 
Jacobs Reef 5,451(1,603/0.294) 3,184 (2,441/0.767) -4.38(6.01) 
Black Rocks 
Algoa Bay 1,434 (384/0.268) 120 (39/0.325) -18.69(3.22) 
Rc = lOO(e r, - I) (6) 
Standard error and coefficient of variation estimates are also shown; 
these have been derived as derailed in Appendix A3. 
Population size estimates for 1983 have been calculated from 
(7) 
All population estimates shown are normalized to the TR assess-
ment method. Thus, for the purpose of presentation at this stage, 
this particular method is assumed to provide unbiased assessments, 
Figure 2 shows the actual assessments and estimated population 
trends for a number of colonies. Figures 2 a-d show the four colonies 
(all mainland) that make up the bulk of the population: Cape Cross, 
Figure 2-Model estimates of pup population sizes (normalized to the TR assess-
ment method) at (a) Cape Cross, (b) Wolf Bay, (c) Atlas Bay, (d) Kleinsee, (e) 
Seal Island False Bay, and (0 Geyser Rock from 1971 to 1983 are shown (0) and 
are joined by solid straight lines. Corresponding 95% confidence intervals for 
these estimates are shown joined by dashed straight lines. Actual assessments are 
indicated by open symbols, while corresponding closed symbols show those same 
assessmenls adjusted for bias rel~th'e to the TR method: TR (t); AM/AI (b./ It.); 
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Table 3-Bias factors Boo (equation (2» for the various assessment methods 
calculated using expression (5). The bias factor for the TR method was taken 
to be 1. Standard errOrs have been evaluated as indicated in Appendix A3 
expressions (A6/A7) . Comparative assessments refer to ratios of the assess-
ment for the method concerned compared with that for the TR assessment 
in cases where more tban one method was used for the same colony in the 
same year, as detailed in Appendix AI. 
Model Comparative assessments 
Assessment 
method 8m SE Avg. SE SD (C.Y.) 
TR I 
AM 0.780 0.080 0.783 0.096 0.216(0.276) 
AI 0.922 0.059 0.892 0.066 0.274(0.308) 
HM 1.129 0.085 1.190 0.045 0.176(0.148) 
HF 1.470 0. 114 1.601 0. 124 0.479(0.299) 
Wolf Bay, Atlas Bay, and Kleinsee . Also shown (Figs. 2 e-f) are 
two of the larger island colonies: one decreasing (Seal Island , False 
Bay) and one increasing (Geyser Rock). 
The bias factors Bm (equation (2)) , estimated by the minimiza-
tion procedure together with their associated standard errors , are 
shown in Table 3. The factor for the HF method is 30% higher 
than that for HM (significantly so: P < 0 .01) . This was anticipated 
from observations of higher male/female ratios among tagged pups 
relative to untagged at harvest. 
Both HM and HF bias factors are higher than for TR (although 
the excess for HM is marginally nonsignificant : P = 0.06) . In all 
probability, differential mortality between tagged and untagged pups 
positively biases both HM and HF assessments. Tag-recapture 
assessments, on the other hand, may be negatively biased because 
of incomplete mixing of tagged and untagged pups among the colony 
as a whole prior to recapture, combined with a tendency for recap-
ture stations to be in the same areas where the pups were tagged 
due to the difficult terrain, which makes it impossible to herd pups 
in certain areas . 
The bias factors for the aerial method are smaller than for the 
TR method (a1.though not significantly so for AI, P = 0.11; whereas 
for AM, P = 0.01). The aerial assessments generally take place 
earlier and therefore some of the counted pups die before the time 
of TR assessments . However, this is conceivably overcompensated 
by missing pups in the aerial photographs because some animals 
are hidden under rocks or in shadows , or undercounted due to being 
massed in dense clumps . 
The only surprising feature is the smaller Em value for mainland 
as opposed to island aerial censuses. A greater proportion of pups 
would be expected to be hidden on the rockier islands. The smaller 
mainland value borders on statistical significance (P = 0.06). 
Without the anomalous aerial censuses of the four Luderitz Bay 
colonies in 1978 (Appendix AI) , however, the Bm values for AM 
and Al methods would be virtually identical. 
The estimation of a is detailed in Appendix A2 (equation (A3)), 
and yields a value 
a = 0 .232 
This cOITesponds to a root mean square error of approximately 24 % 
in model estimates of pup population size compared with actual 
assessment values. These differences comprise not only sampling 
error in the assessment procedures which for the tag-recapture 
assessments average 14% (coefficient of variation) . Assuming this 
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Table 4--Fur seal pup population sizes in 1971 and 1983 and annual growth 
rates for various colony combinations. The parenthesized figures are standard 














97,836(12,406/0.127) 240,526(28,97510.120) 7.78(1.63) 
7,536( 1,651/0.219) 9,893( 4,383/0.443) 2.29(3.94) 
harvested 77 ,2 I I (6,336/0.082) 54, 107( 4, 159/0.077) -2.92(0.90) 
Island 
unharvested 13,182( 2,688/0.204) 5,193( 2,689/0.518) -7.47(3.96) 
Mainland 105 ,372(12,938/0. 123) 250 ,419(29 ,220/0.117) 7.48(1.54) 
Island 9O,393( 7,588/0.250) 59,300( 5,036/0.085) -3.45(0.93) 
North of 
Orange River 125 ,935(13,404/0. 106) 191 ,775(25,453/0. 133) 3.57(1.55) 
South of 
Orange River 69 ,831( 5,688/0.081) 117,943(15 ,60410. 132) 
All colonies 195 ,766(15,993/0.082) 309 ,719(30,303/0 .098) 
4.46(1.39) 
3.90(1.08) 
is an appropriate value for a (method), and taking this to be the 
same for all methods, equation (4) then gives 
a (model) ::::: "';0.2322 - 0 . 142 = 0 . 185 
which corresponds to a root mean square error of about 19 %, so 
that a (model) appears the dominant contributor to 0 2 . This result 
is not altogether surprising. Other effects would be expected to 
contribute to the overall variation and are further discussed in 
Appendix A3. 
This does suggest, however, that in respect of monitoring a 
general trend in the population size, it is not necessary to obtain 
individual colony assessments with great precision (e .g., doubling 
the sampling intensity for tag-recapture asssessments would achieve 
only a 10% increase in the precision of estimates of such trend). 
Table 4 shows size and increase rate estimates for various com-
binations of colonies. The annual percentage growth rate in these 
cases has been estimated from the sum of pup population estimates 
for the colonies concerned in 1971 and 1983 : 
R 100 (8) 
Broadly , the results reflect a decrease in the island colony popula-
tions, but an increase in the mainland colonies . Overall the annual 
growth is nearly 4% per annum over the 1971-83 period . This is 
a consequence of high increase rates at the three largest mainland 
colonies: Wolf Bay, Atlas Bay, and Kleinsee, which together com-
prise 71 % of the total 1983 pup population estimate. 
An apparent anomalous feature of these results is that harvested 
colonies appear to be increasing faster (mainland) or decreasing 
less quickly (island) than unharvested colonies. However, there have 
been relatively few assessments of the unharvested colonies, so that 
the standard errors for their increase rates are large , and the dif-
































































































































Figure 3-(a) Model estimates of pup populations for all colonies combintd for tbe years 1971 to 1983 are shown (e) and are joined by soUd 
straight lines . Corresponding 95% confidence intervals for these estimates are shown joined by dashed straight lines. (b) A population growth 
model incorporating the r ' parameter (equation (10». 
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Table 5-Annual percentage growth rates (R) for all colonies combined for 
various periods. 
Basic model (eq. 2) Model with r' (eq. 10) 
Period R SE Prob. < 0 R SE Prob < 0 
1971-83 3.90 1.08 <0.01 3.94 1.10 <0.01 
1971-72 0.42 0.92 0.59 -0.04 2.68 0.60 
1976-78 4.21 1.12 <0.01 4.25 1.14 <0.01 
1982-83 6.46 1.55 <0.01 7.04 3.52 0.02 
Change from 1971-72 to 1982-83 
6.05 1.44 <0.01 7.08 5.85 0.07 
While the model estimates the average annual growth rate of 4% 
over the period concerned with fair precision (SE 1%), an impor-
tant consideration for current management decisions is the magnitude 
of the present growth rate. Density-dependent effects might be 
expected to slow the overall growth rate as the population size 
increases. 
Figure 3a shows the estimates of overall pup population size on 
an annual basis, obtained by summing the estimates for each colony 
each year. From this (and Table 5), it might appear that there is 
a significant increase in the overall growth rate from 1971 to 1983. 
However, that may be an artifact of the exponential model used 
to represent colony growth trends (equation (I». The fact that the 
largest colonies have increased over the period while the smaller 
ones have mainly decreased would tend to produce an increasing 
growth rate when results for the individual colonies are combined. 
To compensate for such a possible effect, it is desirable to incor-
porate some allowance for changing growth rates in the model. 
However, given the large amount of noise in the data and the small 
number of data points for many of the colonies, there would clear-
ly be little point in attempting to estimate colony-specific changes 
in increase rates, for example by a model of the form 
(9) 
which would introduce an additional 23 parameters (or, more cor-
rectly, 18, since for five of the colonies only 2 data points are 
available, making < indeterminate for those colonies). 
Thus a simpler form was attempted, taking r' to be the same for 
all colonies so that only one extra parameter was introduced: 
(10) 
In a colony-specific sense, it is biologically unrealistic to assume 
r' to be colony-invariant. However as discussed earlier (preceding 
equation (I», the primary motivation for the growth model chosen 
is simple representation of trends. The r' parameter should therefore 
be considered as a total population trend parameter (relating only 
indirectly to individual colonies), that has been introduced to allow 
greater flexibility of choice of overall trends by the model fitting 
procedure. 
The results arising from fitting this alternative model are shown 
in Figure 3b and Table 5. The estimate for the parameter r is 
r' = 0.00046 yr- 2 (SE 0.00250) 
Though a positive value is not what might be expected biological-
Iy, the relatively large standard error shows that the available data 
cannot estimate this parameter with any reasonable precision. 
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The estimated change in growth rate over the period concerned 
increases slightly from 6 % to 7 % with the introduction of r'. 
However, the standard error of the estimate increases sharply to 
6%, so that the change is no longer significantly positive (P = 0.07), 
as appeared to be the case with the original model (equation (2». 
If time changes rather than averages for the total pup population 
over the 1971-83 period are to be considered, the confidence inter-
vals in Figure 3b (with r ' incorporated) would seem a more realistic 
representation that those of Figure 3a. 
MODELING THE POPULATION 
DYNANnCS ________________________ __ 
The basic model 
The number of female seals having reached the age of first parturi-
tion (YJ) in year (t + I) is given by the following equation 
average annual survival rate for female seals after 
reaching the age of first parturition 
survival rate of female pups between time of birth 
and tagging 
survival rate of female pups between time of tag-
ging and harvesting 
survival rate of female pups between harvesting 
and first birthday 
survival rate of juvenile females in their second/ 
third/fourth year of life 
pregnancy rate 
fraction of pups born that are female 
fraction of pups harvested that are female 
number of pups harvested in year t. 
Equation (II) assumes the age at first parturition of Cape fur seals 
is 4 years. Data in Shaughnessy (1982) indicate that this age is 
greater than 3 years. By way of comparison, the average age at 
first reproduction of northern fur seals is often as late as 5 or 6 
years (C. Fowler and A. York, Natl. Mar. Mammal Lab., Seattle, 
pers. commun.). 
Equation (II) may be rewritten 
(12) 
where F = (13) 
The variable F represents the proportion of the female pups culled 
at the time of harvesting, and so is referrt;<! to as a harvesting rate. 
If the population is increasing (or decreasing) with a steady annual 
. growth rate of R (no longer expressed as a percentage; cf. equa-
tion (6», then 
YJr+1 (1 + R>YJr (1 + R)4 YJr-3 (14) 
Assuming constancy in the biological parameters (i.e .. neglect-
ing any density dependence, among other factors), and taking the 
harvesting rate F to be fixed, equations (12) and (14) then give 
(1 + R)4 = (1 + R)3 Sa + A(1 - F) (15) 
Initial parameter probability distributions 
The following prior information is available for the four parameters 
R, F, Sa' and A in equation (15). 
Annual growth rate (R)-The procedures indicated by expressions 
(A6) and (A7), together with equation (8), provide a probability 
distribution for R. 
Harvesting rate (F)-The number of pups present at the time of 
tagging is related to the number of adult females by the expression 
(16) 
est cst 
In estimating F, y) P SIO was taken to be JJNTR' The value NTR is 
the average of the pup population estimates for all colonies com-
bined for the years 1971-83, assuming the TR assessment method 
is unbiased; expressions (A6) and (A7) provide a probability distribu-
eS! 
tion for NTR . The factor /.l allows for possible bias in the TR 
method; it was taken to have a uniform distribution over the range 
0.75 to 1.15. The extremes of this range correspond approximate-
ly to the bias factors for the AM and HM assessment methods (Table 
3); it is considered reasonable to assume that the former method 
is defmitely negatively biased because of hidden animals, while the 
latter is positively biased due to higher mortalities among tagged 
pups. 
The value of C in the formula for F was taken to be the average 
annual harvest over the period concerned: 72,993 animals. The 
harvest was assumed to consist entirely of O-year-old animals, 
though a small proportion of older animals has been taken occa-
sionally. 
The qjh / qj ratio was taken to be unity. Observations suggest this 
may be slightly less than 1, but again adjusting for this scarcely 
seems warranted, given the coarseness of specifying /.l. 
The SII factor is certainly bounded above by 1. This bound can 
be reduced by assuming that adult natural mortality is uniform 
throughout the year, and that any pup whose mother dies during 
the period of approximately 7 months between tagging and 
harvesting will also die. Thus SII is bounded above by 
A lower hound for SII is more problematic. Certainly a lower 
bound on the number of pups present at the time of harvest is the 
number harvested. For the Seal Island Mossel Bay colony in i975. 
a harvest of 1,631 pups followed a TR assessment of 2,095 purs 
earlier in the year. The ratio 0.78 has been taken as a lower bound 
of SII (admittedly ignoring statistical fluctuation for that particular 
TR assessment). Thus SII was taken to have a uniform distribution 
(the simplest assumption in the absence of any further information) 
over the range 0.78 to S~'12. 
Convoluting the distributions of NTR , /.l, and S II provides a prob-
ability distribution for F. 
Average adult survival rate (Sa)-No age distribution data are 
available for the adult South African fur seal, so that an initial prob-
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ability distribution for Sa has to be based on comparisons from 
other seal populations. Obviously Sa is bounded above by 1. The 
highest annual adult survival rate of those shown for various ages 
of the Pribilofpopulation by Smith and Polacheck (1981) is 0.95, 
and this was taken as the upper bound for Sa. Following inspec-
tion of the Smith-Polacheck data, the lower bound for Sa was semi-
arbitrarily taken to be 0.7. Thus Sa was taken to have a uniform 
distribution over the range 0.7 to 0.95. This corresponds to an Ma 
range 0.051 to 0.357, or an average lifespan after first parturition 
in the range 2.8 to 19.5 years. 
For a stable population the Smith-Polacheck data correspond to 
an average adult survival rate of 0.84. As the South African fur 
seal population is expanding (Table 4), younger adults (with higher 
survival rates) will be over-represented in the population compared 
to a steady-state situation, so that a higher Sa than might be appro-
priate for an equilibrium situation would be anticipated. 
Pregnancy and juvenile survival factor (A)-An upper bound on 
A has been estimated on the following basis: 
P .,,;; 0.8 (measured) 
qr .,,;; 0.45 (measured) 
SIOSII SI2 .,,;; Sa (assuming that if the mother dies during the pup's 
first year of life, the pup will die also) 
S2 /S3 /S4 .,,;; 0.95 (assuming that juvenile survival rates cannot be 
greater than the highest adult survival rate thought 
possible, viz: 0.95). 
Thu~ Am"" = 0.8 X 0.45 X Sa X (0.95)3 (17) 
The parameter is assumed uniformly distributed over the range 
o to ~ax' A non-zero lower bound for A would have been desirable 
for the technique following, but no basis on which to set lower limits 
for the juvenile survival rates is apparent. 
Refming the parameter probability distributions 
Initial probability distributions (represented by ogives) for the 
parameters R, F, Sa. and A as constructed in the previous sections. 
are shown in Figures 4a-d. As only 400 simulations were used to 
provide the Rand NTR values, regression techniques have been 
used to smooth the corresponding ogives shown. 
The four parameters are subject to the constraint of equation (15). 
This constraint provides additional information on the parameters, 
and so allows the probability distributions of the previous section 
to be refined. In principle, the intent of this refinement was to 
generate values of R, F, Sa and A from the distributions constructed 
in the previous section, and retain only those sets which satisfied 
equation (15). In practice this was achieved by generating three 
of the parameter values in this way, finding the value of the fourth 
that then satisfied equation (15), and then weighting (w) the result-
ant set of four parameter values according to the probability-density 
function previously constructed for that fourth parameter. This 
approach, and the sensitivity of its results to some of the assump-
tions of the previous section, are discussed in more detail in 
Appendix B. 
One thousand such {R, F, Sa' A, w} sets satisfying equation (15) 
were generated. The 1,000 {Sa' w} values, for example, then pro-
vide a refined probability distribution for Sa' These refined prob-
ability distributions (again smoothed using regression techniques) 
are also shown in ogive form in Figures 4a-d. This technique can 



































































Figure 4-Probability distributions for population dynamics model parameters (a) R; (b) F; (c) S. and (d) ). represented by ogives. Tbe 





































































































































Table 6-Means of the probability distributions for the parameters of the population dynamics model, 
both for distributions initially constructed and for refmements incorporating the constraint of equation 
(15). Parenthesized figures are standard deviations followed by coefficients of variation . Note that R is 
expressed as a percentage. (See Appendix B for an explanation of the column headings under "Refined 
distribution" .) 
Refined distribution 
Alternative to uniform 
Initial Incorporating RIF assumption in initial 
Parameter distribution Standard approach correlation distribut ions 
R 3.90 (1.08 10.277) 3.65 (1.03 10.283) 3.68 (1.04 10.283) 3.81 (1.07 10 .282) 
F 0 .394 (0.057/0. 145) 0.371 (0 .053 /0.142) 0 .372 (0.053/0 . 142) 0 .378 (0 .066/0 .176) 
So 0 .825 (0.072/0.087) 0.917 (0.02210.024) 0.917 (0 .022/0 .024) 0.921 (0 .025 /0 .027) 
M 0 . 197 (0 .088/0.448) 0.087 (0 .02310 .268) 0 .087 (0 .023 /0 .267) 0.083 (0.02710,325) 
A 0.128 (0.075/0.586) 0.213 (0 .038/0 . 180) 0 .214 (0.038/0. 178) 0,213 (0045/0 .213) 
s,ls/s. 0.713 (0 . 185/0.260) 0.861 (0 .058/0.068) 0.862 (0 .058/0.067) 0.859 (0.06910,081) 
parameters that are functions of R, F, Sa' and A: for example, sus-
tainable harvesting rates. 
Table 6 shows the means and standard deviations of the various 
parameters derived from their initial and refined probability distribu-
tions. (The latter are listed under "standard approach" in Table 
6.) The distribution for juvenile survival rates S2/S)/S4 was derived 
assuming constant (and maximal) values for P and q! (cf equation 
(17»): 
(18) 
GENERAL DISCUSSION ________ _ 
Comparison of initial and refined estimates in Table 6 and Figure 
4 shows, as might be expected , that imposing the constraint of equa-
tion (15) has the largest effect on the parameters whose initial 
estimates have the greatest coefficients of variation . The Rand F 
distributions are little changed, while the Sa and A distributions nar-
row considerably (see Table 6, " Standard approach"). 
In situations (as pertained here) where no direct evidence is 
available on mortality rates , the technique used has the potential 
to demonstrate that initial intuitive " guestimates" may be incom-
patible with other data . For example in this case, the technique 
served to eliminate initial intuitive impressions that Su and S2/S)/S4 
could not be greater than 90%. Clearly, however, there is a danger 
of subjectivity ("adjusting initial distributions to force the answer 
you wanted in the first place" ) creeping in if iterative use of the 
technique is taken too far. 
The approach should be considered a means of highlighting the 
parameters which are poorly determined and to which management 
recommendations are most sensitive to assist in fixing priorities for 
further research . An example in this regard is shown in Appendix 
C . Intuitively an age-determination program for adult females to 
provide independent data for Sa (and narrow the bounds on the ini-
tial 0.7 to 0 .95 uniform distribution assumption) would seem a clear 
priority . (This would seem a more practical possibility than attempt-
ing direct assessment of all the juvenile survival rates that contribute 
to A.) The example of Appendix C, however. suggests that priorities 
may in fact depend quite critically on the particular management 
question being asked. 
155 
In principle the population dynamics of each colony could be 
modeled separately using this technique. However, while a1J the 
colonies combined represent a closed population, individual colonies 
may be subject to emigration or immigration so that equation (15) 
would not apply. Indeed the technique used showed the difficulty 
of accounting for a high growth rate ("'4 %) per annum in the 
presence of heavy pup harvesting rates ("'37%) . An age at first 
parturition lower than 4 years would ease this, but what evidence 
there is points in the opposite direction (Shaughnessy 1982) . 
If the major mainland colonies do in fact each represent closed 
populations with annual growth rates :::10%, survival rates con-
siderably greater than those deduced for the population as a whole 
(adults 0.92, juveniles 0.86) would be needed. (For the extreme 
case Sa = S2/S)/S4 = I, F = 0.37, A = 0.36, equation (15) yields 
a maximum possible increase rate of 14.9% per annum.) First-year 
survival rates may be higher for mainland colonies because of less 
space limitation and pups less vulnerable to mortality through being 
washed away in storms, but this could be offset by predation by 
jackals, Canis spp. , and brown hyenas , Hyaena brunnea (Shaugh-
nessy 1979). Nevertheless , given the extreme to which survival rate 
parameters would have to be pushed to account for "closed " Atlas 
Bay and KJeinsee increase rates (Table 2; an annual growth rate 
of 10% requires S" = S2/S)/S4 = 0 .957) , it would seem likely that 
immigration has played a role. (There are large island colonies near 
Wolf.and Atlas Bays though not near KJeinsee.) 
Evaluations on the basis of equation (15) have implicitly assumed 
constant parameter values (i .e. , in particular no density dependence) 
which was the basis for derivation of that equation from equation 
(1). The resultant linear model and parameter estimates may well 
reflect a reasonable assessment of the average situation over the 
period 1971-83 . Though the simplest assumption for the purpose 
of population projections and management recommendations might 
be to use these same parameter values for future years, considerable 
care should be taken in making such an extrapolation. 
A particular priority (to allow the introduction of density 
dependence into the model) is to obtain further data for better deter-
mination of whether and at what rate the overall annual percentage 
growth is changing. (The present best estimate suggests an increase, 
but the standard error for this estimate is very large.) Improvement 
in precision could best be achieved by conducting further 
assessments for the major mainland colonies, particularly Wolf Bay 
and Atlas Bay. 
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Some Aspects of the Calculation Procedures Used to 
Obtain Colony Size and Increase Rate Estimates 
1. Assumption of a constant relative bias 
factor Bm for each assessment method 
In a number of cases, the size of a colony was assessed by more 
than one method in a particular year. This provides the opportunity 
for checking the appropriateness of assumptions that Bm is constant 
for each method, in the absence of additional suppositions about 
year-to-year colony growth. 
The ratio of AM, Ai, HM, and HF to TR assessments for these 
cases have been plotted against the TR assessments in Figures 5 
a-d. Means and standard deviations for these sets of ratios are shown 
in Table 3 (under the heading "Comparative Assessments"). 
The plots do not indicate any obvious trends. There is some sug-
gestion of different patterns in the case of TR assessments <2000, 
where the HFITR ratios are generally lower and the AIITR ratios 
higher than average. (In the latter respect, four of the five data points 
refer to 1978 assessments of the closely grouped small island 
colonies off Luderitz: Marshall Reef, Staple Rock, Boat Bay Rock, 
and Dumfudgeon Rock.) 
The average coefficient of variation for the tag-recapture assess-
ments implies coefficients of variation for the associated ratios of 
20 %; other effects would increase this. Such large variation coupled 
with the smallish number of data points renders detection of any 
significant trend problematic. The assumption of constant Bm 
values does not appear, therefore, to be inconsistent with the data. 
2. Appropriateness of minimization criterion utilized 
The appropriateness of the criterion (expression (5» used to deter-
mine maximum likelihood estimates of the parameters rests on the 
assumption of equation (3) that the residuals (which reflect the 
relative errors in Nm.e(t», 
are normally distributed with constant variance 0 2 (homoscedas-
tic). To check the assumption of homoscedasticity, the magnitudes 
of the residuals have been plotted against the logarithms of expected 
population sizes N;~:(t) in Figure 6. 
Any trend in such a plot could be distorted by the fact that there 
tend to be fewer data points for the smaller colonies, so that as an 
estimate of 0, the root mean square residual for those colonies would 
be more negatively biased than for the larger colonies. To adjust 
for this effect, the plot shows not the IEm.e (t) I, but rather residuals 
"adjusted-for-bias" IE;:;.e(t)1 defined by 
(A2) 
1jJ'1EQE ne is the number of estimates for colony c. Colonies with 
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Figure S-Ratios of comparative assessments (Le., cases where a colony was assessed by more than one method in the same year) to the correspond-
ing TR assessments. These ratios are shown (+) for (8) AM; (b) AI; (c) HM and (d) HF assessments, and are plotted against the value of the 
TR assessment. The mean ratio in each case is shown by a horizontal dashed line, and the corresponding 8 m value estimated by the model fitting 
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Figure 6-Values of residuals corrected for bias 1':,,(1) 1 (see equation (Al» ploUed against expected colony pup population sizes 
N "p(t) , The plot omits data for colonies for which only two assessments have been made, and for Black Rocks Algoa Bay. The horizon· 
tai '~xis is log transformed; the solid line is a linear regression fit to the data (similarly transformed) , 
To test for homoscedasticity, a linear regression fit of 1£:'.c(I)1 
to e n Nn~.~(I) was calculated and is shown in Figure 6. The 
(negative) slope is not significant (P = 0.08), however, so that the 
assumption of homoscedasticity is not contradicted. 
The stand ard deviation of the residuals was estimated from 
0 2 = --- --- L [£""c(I)] 2 
n-(M+2C-I) m. c.1 
(A3) 
Inspection of a plot of the residuals £m ,c (t) indicated two of those 
for Black Rocks Algoa Bay were noticeable outliers . Indeed only 
for these points was 1£1 > 30. Accordingly 02was recalculated 
omitting data from thi s colony . Such omissions are not relevant to 
estimates of the 8", parameters in the expression (5) minimization , 
as all assessments of this colony used the same method (Al). These 
outliers were also omitted in the homoscedasticity test detailed 
above . This ca lculation gives 
o = 0 .232 (A4) 
corresponding to a root mean square relative error in assessment 
of about 24 %. 
To see whether the overall results were sensitive to the estimated 
trend in mean error with colony size, the fitting procedure was 
repeated incorporating a weighting function into expression (5). 
This weighting function was taken to be the inverse of a linear 
exp 
regression fit to [£,t ,c (t)]2 as a function of en Nm.c (t); over the 
range of observed colony pup population sizes of some 200-100,000, 
it corresponds to a root mean square relative error decreasing from 
about 29% to 17% . Results are affected only marginally: for ex-
ample, the average overall annual increase rate (R) estimate changes 
negligibly from 3.90 to 3.91 %, with the associated standard error 
slightly reduced from 1.08 to 0 .97% . 
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Use of the expression (5) criterion also assumes o 2(method) (see 
equation 4) is constant. The average of the coefficients of varia-
tion for the assessments listed in Table 1 are TR 13 %, HM 14%, 
and HF 15 %. No such error estimates are available for the aerial 
assessments . Though these average values for the various tag-
recapture procedures are virtually the same, values for individual 
assessments (excepting two large outliers for Dumfudgeon Rock) 
range from 5 to 25 %. In principle these individual values could 
be incorporated in a weighting function introduced into expression 
(5); however, since this component accounts on average for only 
about one-third of the overall variat ion 0 2, and in the absence of 
standard error estimates for the aerial assessments, such additional 
sophistication does not appear warranted . 
The root mean square relative differences between observed and 
expected population estimates (Table I), excluding zeros and Black 
Rocks Algoa Bay, are as follows : AM20%, AI20%, TR 16%, HM 
14 %, and HF24 %. SuperficiaJly, this suggests that 0 (method) for 
aerial assessments is greater than for tag-recapture procedures . 
However most TRI HMI HF assessments are linked triplets, and these 
results could be influenced by this . The larger value for HF com-
pared to TR and particularly HM (reflected also in the standard devia-
tion column for comparative assessments shown in Table 3) does 
indicate an additional contribution to the variation for this method. 
Conceivably this is caused by greater fluctuation in tagging mor-
tality of the female pups, which are less robust and therefore may 
be more sensitive to differing handling procedures . 
An advantage of the form of equation (3) is that the model 
becomes linear in its parameters upon log transformation, so that 
expression (5) can be minimized using matrix techniques. In this 
case, however, the computer program was structured for solution 
using a NAG minimization routine to allow investigation of error 
models corresponding to model transformations nonlinear in the 
model parameters. 
3. Estimation of standard errors 
Because the model used (equation (3» is linear in its parameters 
upon log transformation, matrix techniques could also be used to 
provide standard error estimates for these parameters, and hence 
for population estimates and growth rates for individual colonies. 
However, for subsequent analysis, error estimates (and Likelihood 
functions) were required for population parameters for combina-
tions of colonies. To avoid the complications and approximations 
of transformations and covariance contributions, the following 
Monte Carlo approach was adopted. Instead of the original set of 
"observed" assessments, 
obs 
S = {Nm.c(t) : (m,e,t) I ....... n} 
a new set, 
S' = {N:"e(t) : (m,e,t) I ....... n} 
was generated where 
(A5) 
using the values of Bm, Ne(O) and re obtained from the expression 
(5) minimization, and of 0 from (A3/A4) above. 
Minimizing the expression 
L [en N~,e(t) - en Bm - en Nc(O) - ret]2 (A6) 
m,e,' 
then yielded another set of parameter estimates B~, N~(O), r~. 
Repeating this process, a larger number (K) of times (calcula-
tions in this case used K = 400), yields a set of values of parameter 
a (where a could be anyone of Bm, Nc(O), re or any combination 
of these): 
T: {ak : k = I ....... K} (A7) 
The standard deviation of the ak's then provides the standard error 
estimate required. Confidence intervals (P values) quoted in the paper 
have also been evaluated on this basis. 
The procedure, and also that used to estimate 0 (A3), assumes 
that the Em,e(l) are uncorrelated. This cannot be precisely true: 
TRI HFI HM procedures for a particular colony in a particular year 
cannot be completely independent. 
For tag-recapture assessments, the average 0 2 (method) con-
tributes only about one-third of the total 0 2 , so that 0 2 (model) (see 
equation 4) is not insubstantial. Two of the effects that contribute 
to 0 2 (model) are deviations of the underlying colony growth trend 
from the exponential form assumed (equation (1», and environmental 
effects (e.g., storms washing pups off islands causing variability ir. 
juvenile mortality). 
Such environmental factors could introduce serial correlation ef-
fects. Different assessments for the same colony in a given year would 
be expected to be correlated in this manner, and nearby colonies 
might be affected similarly by the same environmental conditions. 
There are some indications that such effects may be playing a role. 
If there were no correlation, one would expect the coefficients of 
variation for the ratios of comparative assessments (Table 3, right-
most column) to be approximately V2 0 = 0.328. While the actual 
values for AM, AI, and HF are only slightly less than this, the value 
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for HM is significantly smaller (F-test: P < 0.005), so that paired 
TR and HM assessments cannot be regarded as completely indepen-
dent observations. Similarly the "anomalous" AIITR ratios for the 
four Luderitz Bay islands referred to in Section I above are sug-
gestive of intercolony correlations. Such correlations would bias both 
the estimation of 0 (A3), and the Monte Carlo procedure for 
generating "alternative" assessments (A5). 
Table 7 shows a matrix of the signs of discrepancies between actual 
and model predicted assessments for all data used in the parameter 
estimation procedure. The only significant feature is the pre-
dominance of positive discrepancies for all methods in 1fJ77 (P = 
0.02). Otherwise there are no obvious patterns. 
Considering colony-years where both TR and HM assessments took 
place, the frequency of (double positive:opposite sign:double 
negative) discrepancies is (4:6:5). Similarly, for TRIHMIHFtriplets 
the frequency IS (3:4:6:2). Neither case reflects significant difference 
<x2 test: P = 0.69 and P = 0.63 respectively) from the expecta-
tion in the absence of serial correlation effects (though for small 
data sets, the model-fitting procedure could bias such a test). 
If the HM values (16 in all) are omitted from the calculations 
because of indications of correlations between TR and HM assess-
ments, the standard error of the overall average annual increase rate 
(R) increases from 1.08 to 1.40 %. This is a larger increase than 
might naively be expected from the reduction in number of degrees 
of freedom in the fitting process (82 -+ 67). However, a dispropor-
tionate number of the HM assessments relate to the large mainland 
colonies which dominate in the calculation of R. More significant-
ly perhaps, the estimate of 0 increases to 0.245 (i.e., 6% larger, 
albeit not statistically significantly so), which may be indicative of 
the order of magnitude of serial correlation effects in the standard 
error calculations. 
Thus, though serial correlation effects would be expected and there 
are some indications of their existence, there appears no obvious 
evidence that they are sufficiently marked to bias standard error 
estimates grossly. Given the paucity of data, elaboration of the error 
model to attempt to quantify such effects does not seem warranted, 
and the assumption of absence of serial correlation in calculating 
standard errors appears a reasonable first step to take. 
Table 7-Signs of the discrepancies between actual and model predicted (equation (2» assessments at the various breeding colonies for data used in the parameter 
estimation procedure. To distinguish assessment methods, the notation AM (or AI)/TR/HM/HFis adopted; blanks indicate absence of such assessment, with trailing 
/ 's omitted. Zeros indicate situations with only two assessments for the colony, and so an exact model fit. 
Colony 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 198/ 1982 1983 
Cape Cross + -/-/-/+ 
Wolf Bay / /+/- -/+/-/+ 
Atlas Bay -/+/+/+ +/-/+/+ 
Kleinsee + ..-/-/-/- + + /-/-/+ 
Van Reenen Bay 0 0 
Lions Head 0 0 
Marshall Reef + -/-
Staple Rock + +/-/+/+ 
Boat Bay Rock + +/-
Dumfudgeon Rock + +/-/+/- + 
Long Islands -/+/+/+ -/+ 
Albatross Rock + -/+/+/+ -/+ 
Sinclair Island + -/-/+/- + -/+ 
Elephant Rock + +/-/-/- + + 
Robbesteen + 
Seal Island FB +/-/-/+ + -/- + 
Geyser Rock +/+ + -/+ 
Quoin Rock + +/+/-/- + + 
Seal Island MB -1+/+/- + 
Hollams Bird Is 0 0 
Black Rock 0 0 
Jacobs Reef 0 0 
Black Rocks AB + + 
Aerial + I 7 I 0 2 II 6 0 0 I 
Methods 0 8 0 0 6 2 9 0 2 3 
All + 2 7 I 4 4 17 7 5 7 4 
Methods 2 8 3 2 4 3 6 9 3 II 2 3 
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APPENDIX B 
Some Aspects of the Approach Used to Refine 
Parameter Distributions 
The approach consists of replacing the initially constructed 
4-dimensional joint probability distribution for parameters R, F, 
So, and A by a "refined" distribution which is proportional to the 
intersection of the initial joint distribution with the hyperplane 
defined by the constraint of equation (15). 
This is an ad hoc procedure, which seeks to update thc initial 
distributions on a basis which in some sense maximizes their mutual 
consistency with the equation (15) constraint. By construction it 
has the desired effect of generally according more weight to 
parameters whose probability distributions have smaller coefficients 
of variation (i.e., for which there is better information) in the refine-
ment process. 
In this case analytic generation of the intersection required is im-
practical, while numeric generation according to the appropriate 
initial probability distributions (by use of random numbers) of 
{R, F, So, A} sets satisfying equation (15) within some tolerance 
would be a lengthy procedure. However, the latter procedure is 
in the limit of vanishing tokrance exactly equivalent (J. Cooke, 
Oep. BioI., Vniv. York; T. Stewart, Oep. Math. Stat., Vniv.Cape 
Town, pers. comrnun.) to generating values for any three of the 
parameters in this manner, evaluating the fourth using equation (15), 
and then according the resultant set of four values a weight given 
by the initial probability distribution of that fourth parameter. 
Though in principle any of the parameters could be chosen as 
the .. fourth" in this context (the approach treats the parameters 
equivalently in this sense), it was computationally simplest to take 
A as that parameter. Thus R. So. and F values were generated and 
A then calculated using equation (15). If 0 ~ A ~ Amax, the set of 
four values was given unit weight, otherwise discarded (see equa-
tion (17) and following; the A distribution was assumed uniform 
over 0 to Amax). About 25 % of the sets thus generated were 
retained, so that the process of producing 10,000 sets was com-
putationally very rapid. Results are shown in Table 6 under the 
heading "Standard approach". 
By construction the initial probability distributions for So. A. and 
F were not independent, as components of both A and F were func-
tions of the value of So. The actual correlation is fairly weak (irl 
< 0.2); however, the refinement process imposes a different cor-
relation structure on the joint distribution, with R and A (r = + 
0.37) and particularly A and So (r = -0.69) showing strong cor-
relation as might be expected. These covariances can influence 
evaluations of standard errors of functions of the parameters, such 
as sustainable harvesting rates, quite considerably. 
The standard approach has treated the initial Rand F probabil ity 
distributions as independent. This is not strictly true, as there is 
a significant (albeit small, r = + 0.16) correlation between Rand 
exp 
NTR , the latter of these contributing to F. The refinement approach 
can still be applied in this case, though the random number genera-
. b ~ llon procedure ecomes discrete in selecting one of the (R, NTR ) 
pairs produced by colony size calculation procedures (expression 
(A6) and following), rather than continuous in linearly interpolating 
over an ordered set of estimates for a single parameter. The results 
of this are shown in the column "Incorporating RIF correlation" 
in Table 6; their differences from the standard approach are minimal. 
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An important consideration is the senSItiVity of the refined 
distributions to assumptions made in constructing the initial distri-
butions, the most "arbitrary" aspect of which was the uniform 
distributions assumed for Ii (bias of TR estimate), SII (survival rate 
of pups from tagging to harvest), So, and A. The extremities of 
these distributions are considered to have been conservatively chosen 
(i.e., ranges as wide as conceivable) so that the principal concern 
is the assumption of distribution uniformity. 
For the parameter range a to b, a uniform distribution corresponds 
to assuming equal length intervals within the range are equally likely 
(to contain the actual parameter value). Why should this be appro-
priate for the parameter chosen rather than some transformation 
thereof (e.g., uniformity for So does not correspond to uniformity 
for Ma = -f n So)? Serious bias in the results of the refinement 
procedure is most likely if successively smaller intervals are equally 
likely as the extremities of the range are approached, i.e., if the 
initial distribution for the parameter chosen is V-shaped rather than 
uniform. 
Accordingly, the overall procedure was repeated with all uniform 
initial probability distributions over their respective ranges a to b 
replaced by a probability density function/(x) which is a fairly ex-
treme example of such a V-shape: 
=0 x<a 
lex) a [(x-a) (b-X)]-1/2 (A8) 
o x>b 
This integrate8 conveniently to yield 
o y<a 




and is readily incorporated in the computational procedure. 
The results are shown in the final column of Table 6 under the 
heading" Alternative to uniform assumption in initial distributions" . 
The coefficients of variation for the refined F, So, and A are slight-
ly larger ("-'20% increase) compared with the standard approach 
as might be expected, but otherwise differences are very small. 
The result of the exercise of Appendix C is also relatively insen-
sitive to this modification of procedure. The value for Co (see 
.':quation (A 13) and following) changes from 15,100 to 15,600, and 
the associated standard error from 5,100 to 5,470. 
APPENDIX C 
An Example of Use of the Parameter Distribution 
Refinement Approach to Determine Parameters 
To Which Management Recommendations 
Are Most Sensitive 
Consider the question: What average annual harvest of females past 
the age of first parturition over the period 1971-83 (in addition to 
the pup harvest that was taken) would have kept the overall popula-
tion size constant? It is assumed that such females had been harvested 
at the same time as the pups (7 months into the year), and that the 
survival of a pup whose mother was removed at that time would 
not have been impaired. 
If C ~ is the number of such females harvested in year I, then the 
first term on the right hand side of equation (J I) is adapted as 
follows: 
(AIO) 
and equation (15) then becomes 
(I + R)4 = (1 + R)l Sa (1 - F") + ,1.(1 - F) (All) 
where Fa 
ror a constant overall pooulation, R = 0, so that equation (20) yields 
Fa I _ I - A(J -F) 
Sa 
Using the relation (see equation (16) and following) 
(AI2) 
the appropriate average female harvest level is then calculated as 
(AI3) 
Taking maximal values for P and SIO of 0.8 and I, respectively, 
yields the (thereby negatively biased) result: 
ca = 15,100 (SE 5,110). 
(Note: For the number of data sets generated, results are essential-
ly correct to three significant figures and so have been rounded 
accordingly. ) 
To what extent would better information on adult (female) sur-
vival rates Sa improve the accuracy and precision of this estimate? 
Assume independent methods provided a normal probability 
distribution for the adult natural mortality rate with a certain mean 
and coefficient of variation. Table 8 shows the results of using such 
information rather than the probability distribution constructed in 
the previous section for So , for a wide range of values for the mean 
and coefficient of variation . Interestingly. neither is the result par-
ticularly sensitive to the estimate of So, nor is its standard error 
much affected by the precision with which So is estimated. For 
mean Ma values between 0 .06 and 0.12, means for the CG distribu-
tions differ only by a maximal "-'7 %, while coefficients of varia-
tion are all "-'33 %. 
Accordingly, from the point of view of answering the question 
posed, this analysis indicates that field determination of the preg-
nancy rate (P) and pup survival rate between birth and tagging (SIO; 
conceivably by a series of aerial surveys over this period) would 
warrant higher priority than obtaining data on the adult female age 
distribution (to estimate So), This is because the answer required, 
while insensitive to Sa' is inversely proportional to both P and SIO 
which were both assumed fixed at maximal values for the calcula-
tions, and could in reality be markedly less than those maxima. 
Table 8-Estimates of C', the number of female seals past the age of fIrSt parturition that would need to have been harvested annually to maintain the total population 
at a constant level over the period 1971-83." Estimates are given on the assumption that a normal probability distribution is available for an estimate of tbe adult 
natural mortality rate M., and results are shown for various combinations of means and coefficients of variation for such a distribution. The central value for mean 
M. = 0.087 corresponds to the value ohtained hy the "Standard approach" (fahle 6). Parenthesized figures are standard errors followed by coefficients of varia-
tion. All results have been rounded to three significant figures. 
--- -
- --_._-
Mean Ma (yr - I ) 0.03 0.06 0.087 0. 12 0.15 
Sa = e -Ma 0.970 0.942 0.917 0.887 0.861 
Coefficient of variation for Ma 
0.01 13600 (451010.332) 14800 (49 iOI0.333) 15700 (5190/0.331) 15200 (4960/0.327) 11100 (367010.330) 
0.05 13600 (462010.339) 14800 (496010.335) 15600 (5160/0.331) 15200 (501010.329) 12000 (4110/0.342) 
0.10 13600 (460010.338) 14800 (4960/0.335) 15600 (524010.336) 15200 (5060/0.333) 13500 (471010.348) 
0.20 13600 (4640/0.341) 14800 (495010.335) 15300 (510010.333) 15300 (510010.334) 14900 (510010.344) 
0.30 13500 (4590/0.340) 14800 (4990/0.338) 15200 (5080/0 .333) 15200 (512010.338) 15000 (508010.338) 
0.40 13700 (468010.342) 14600 (497010.340) 15000 (508010.338) 15000 (505010.337) 15000 (507010.338) 
--- ----
'Note: It can be shown that Fa '" R(Fa = 0) [~ - 3] so that the comparative insensitivity of C" 10 Sa' and in particular Ihe eventual decrease of C' as Sa 
decreases may seem surprising. The underlying reason is that as Sa is decreased, the constraint equation (15) mitigates against high R values, so that mean of Ihe refined 
probability dislribulion for R eventually decreases too. 
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[Note: Results of these calculations are presented as the value 
of a harvest Ca rather than a harvesting rate Fa, as any practical 
management decision would need to be in tenns of the former, and 
so take into account uncertainties in additional factors required to 
estimate Ca given P. For simplicity, the analysis that the harvest-
ing rates (F and P) were constant over the 1971-83 period, and 
provided an unbiased estimate of P in this context. (This value 
of 5.5% (SE 1.6%) is, like Ca , relatively insensitive to the mean 
and coefficient of variation of the initial probability distribution for 
Ma.) However, F and Fa relate to harvests C and ca through the 
number of reproducing females '1. Imposing P is intended (in 
terms of the original question posed) to keep at its 1971 level, which 
is lower than the average 1971-83 value used in the calculations 
above. Further, for C fixed, this lower '1 would lead to a higher 
F value than that for the case P = 0 (as assumed above). More 
detailed calculations could eliminate this element of positive bias 
in ca estimates quoted, but would not, however, affect the validity 
of the conclusion above on relative sensitivity of the result to dif-
ferent parameters.] 
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Ecology, Behavior, and 
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ABSTRACl 
South American fur seals, Arc/ocephalus australis, in Uruguay were not driven 
as close to extinction by early sealers as other fur seals. The herd probably never 
numbered less than 3,000 pups per year (5,000 adults minimum). The ecological 
and behavioral traits that may have contributed to the species in Uruguay being 
somewhat bulTered against the elTects of sealing are compared here with other 
species. These traits were: (1) sealing occurred in winter when breeding seals 
are mostly at sea; 2) the groups exploited were mostly males; 3) these seals prefer 
steep, rocky terrain that hampered sealers and allowed many seals to escape 
harvests; 4) these individuals are shy and nee from humans; 5) displaced or under-
sized individuals will breed if a reduction in adults occurs; 6) seals spend long 
periods of time at sea in response to disturbance. These traits are contrasted with 
fur seal species that were alTected much more profollDdly by sealing activities. 
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INTRODUCTION __________ _ 
The Uruguayan herd of South American fur seals, Arctocephalus 
australis, has survived 400 years of exploitation, during which time 
it has probably gone through many unrecorded and a few recorded 
important ch~ges in population size. The total number of pups born 
annually has certainly been above 3,000, which means a minimum 
of 5,000 adults. This contrasts with the historic minimums reached 
by other species of fur seals. For example, the minimum popula-
tion reached by A. phillippi was around 450 (D. Torres - Navarro, 
Inst. Antarct. Chileno, Santiago, pers. commun.), less than 100 
to a few hundred for A. galapagoensis (OEA 1978) and A. townsendi 
(K~nyon 1973), and about 100 for A. gazella (Bonner 1976). 
The goals of this paper are to describe ecological and behavioral 
adaptations of A. australis that may have helped buffer the species 
against the effects of past sealing, and that may help explain the 
current population trends. These adaptations will be contrasted with 
those of species that were once on the verge of extinction. 
The main positive and negative factors for the survival of the 
fur seals in Uruguay appear to be connected with the land habitat. 
The breeding habitat comprises parts of six islands and islets be-
tween 34°24'S, 53°45'W, and 35°0\'S, long. 54°52'W. In addi-
tion to these breeding islands, which are populated year-round, small 
hauling grounds are present during the breeding season at Cabo 
Polonio, Islotc de Coronilla, and exceptionally on Isla Gorriti. All 
of these islands have mixed topography in which rough and smooth 
terrain vary in different proportions. They vary in size from 41 
ha (Isla de Lobos) to Jess than 1 ha (lsJote de Torres). Water 
temperatures at these islands vary from 11 ° to 14°C in winter and 
from 18° to 25°C in summer. 
RESULTS _____________ __ 
Changes in population size 
An increase of A. australis in Uruguay is suggested by counts and 
by the kill for pelts (annual average from 1968 to 1981: 11.036). 
A complete count of fur seals on all islands during the 1953 breeding 
season totaled 26,444, including 9,149 pups (Vaz-Ferreira 1982). 
No attempt was made to estimate the total herd size (including seals 
at sea). 
A few comparative pup counts exist for Isla de Lobos and Isla 
Rasa (Table I). These counts were made in February when pups 
were 2 or 3 months old and had experienced variable mortality 
(usually 10 to 20%, Vaz-Ferreira et al. 1985). The comparison of 
1956 and 1981 shows an increase of 99 % . 
Table I-Pup censuses for two col-
onies of South American fur seals. 
Number of pups counted 
-------
Year Isla de Lobos Isla Rasa 
.. _-------
1953 4,435 15 






Figures 1-2-Areas occupied by breeding grounds and pups on Isla de Lobos in 1956 (left) alld 1981 (right). Heights are given in meters. 
On Isla de Lobos most of the increase in population in 1981 oc-
curred either on flat or noncliff areas which had no pups in the 1956 
counts. These are the lower, more unprotected (from high surf) 
parts of the islands. Pup mortality in these areas is usually greater 
than on the more protected parts of the islands, due to storms. At 
low densities, monality on low areas was rare. The increasing area 
occupied by breeding grounds and pups is shown in Figures I and 
2 (Isla de Lobos) and Figures 3 and 4 (Isla Rasa). 
Annual cycles-Some areas are populated year-round. while others 
are occupied only seasonally. On areas that are used all year, males 
are always territorial to some degree, and females use the breeding 
areas to suckle their young. 
In winter some islands of relatively small diameter, such as Isla 
Rasa and Islote de Lobos, may be completely covered by seals. 
In summer, the area with compact herds may extend 10 to 50 m 
into the islands, although this area changes with temperature and 
surf conditions. 
Land-use patterns in winter are more variable than in summer. 
For example, from 1956 to 1981 the number of seals in winter on 
the higher parts of Isla de Lobos underwent a progressive reduction. 
Some of this variation may have resulted from weather conditions, 
some may have been long-term behavioral reactions to repeated 
sealing, and some may have been responses to increased commer-
cial fisheries. 
Very little is known about the problems this species faces in its 
marine habitat, except that mortality at sea in young individuals 
is small compared with species that either perform regular migra-
tions or spend longer annual periods at sea. Reduction of sea time 
diminishes exposure to marine predators. Nevertheless, adults are 
166 
exposed to some predation by sharks and killer whales during 
feeding trips which may extend more than 220 km from shore to 
200 m depth. 
The species does not habitually feed near shore, nor in fishing 
nets; therefore it is not killed by fishermen as are South American 
sea lions and South African fur seals. However, some young animals 
drown in trammel nets set too near breedirig areas. 
Sealing-A. australis in Uruguay may never have been reduced 
to excessively low numbers partly because exploitation has been 
based on common sense or technical criteria for more than 100 years 
(Vaz-Ferreira 1976a,b, 1980, 1982). The success of this approach 
is apparent from the herd's increase. For many years killing was 
indiscriminate with little limitation of the catch. In many years 
8-month-old pups were included in the kill because they met market 
size requirements. In 1950, killing was restricted exclusively to 
males. Individuals in the corrals were captured and sexed to avoid 
killing females. This kind of selection was later changed when it 
was found that most of the animals on the highest parts of the islands 
were young males (Ximenez 1962). In 1980 killing was reduced 
and restricted to adult males because excessive pelts had been 
stockpiled. 
For commercial and practical reasons, sealing now occurs from 
June or July to September or October, although before 1876 it oc-
curred throughout the whole year. In winter and early spring most 
seals are on the upper (nonbreeding) parts of the islands. Massive 
attendance on land. on which the success of sealing depends, is not 
regular (Vaz-Ferreira 1975). In some years the capture of seals on 
the higher parts of islands failed to produce the expected harvest, 
and therefore sealers obtained additional seals from the shore 
N 
t 
Figures 3-4-Areas occupied by breeding grounds and pups on Isla Rasa in 1956 (left) and 1984 (rigbt). 
~breeding) areas. These latter drives included a large number of 
females due to their permanent attendance on those areas. Therefore, 
drives made on higher parts are less damaging to the breeding 
population, at least in the short term, than drives on the shores of 
islands. 
Terrain-The impact of sealing on the herd is altered by terrain. 
Unlike some other species of fur seals, A. australis prefers to breed 
on very rocky, inaccessible parts of islands. This is facilitated by 
some particular abilities, such as climbing. On entirely flat islands 
that can be completely surrounded by sealers. virtually the entire 
population can be taken. Even when many of the seals escape. 
repeated operations on flat islands cause the breeding population 
to decline almost to zero. This apparently happened on Isla Rasa 
in the 1950s. 
Killing is most controlled on Isla de Lobos where seals are cap-
tured far from the sea and driven into corrals prior to killing. On 
rocky islands, like Torres and Castillos, killing is least selective 
because sealers must stop the running seals and kill them near the 
sea. On islands with mixed topography, the sealing operation is 
easier where seals are far from sea dnd where the terrain is more 
or less flat. Sometimes drives in such areas yield 4,000 seals. On 
the rough parts of these islands, which are much closer to sea, a 
higher percentage of seals escape to the water than from the high 
parts. On Isla de Lobos and Isla Marco, crevices and caves near 
the sea allow seals living on them to escape the sealers. 
If big territorial males are ~hot during field experiments, smaller 
males, formerly excluded from the breeding areas, replace them 
in their activities within 24 hours (Vaz-Ferreira 1980). 
Different populations of A. australis occur in Argentina, Chile. 
and Peru and nearby islands. Connections between them and the 
Uruguayan population have not been found. However, individuals 
tagged in Uruguay have been recovered in non-breeding areas as 
far away as Rio de Janeiro (Brazil) and Bahia Blanca (Argentina). 
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In Uruguay, individuals 38 to 42 months old have been found on 
islands different from the natal ones, but there is no evidence of 
these individuals breeding in new areas. Six-month-old pups re-
main near their natal areas and resort always to the same islands 
on which they were born. 
The increase of the populations on the Uruguayan islands observed 
from 1973 to 1981 was simultaneous on the different sites. 
Microclimate-On some of the islands, particularly Isla de Lobos, 
rainwater pools, springs, or shady areas favor the establishment 
of pup groups and of small breeding groups (one to five territorial 
males with females and pups) as far as 200 m from the main breeding 
areas on the shores. Also, soil made wet by passing of animals 
returning from sea, by urine, and by wind-blown spray is suitable 
for individuals which stay there. However, these inland breeding 
areas are relatively few and contain not more than 2-5% of the terri-
torial males. 
The tidal excursion i5 small (about I m in summer). Some breed-
ing grounds are wet at low tide. Many territorial males must hold 
position at high tide. 
Changes in behavior-During the increase of the herd between 
1948 and 1984, some changes were recorded in the ecology and 
behavior of seals. At low population levels the breeding areas were 
restricted to rocky areas, caves, or places near pools; that is, in 
a reduced part of the available space. In these areas the pups could 
escape to higher ground during high seas. No breeding occurred 
on flat, low areas, which were deserted, occupied by male groups, 
or occupied by sea lions. 
The move onto low areas caused some new behavioral traits, such 
as resting on sand at high temperatures. Also, interindividual 
distance decreased in nonbreeding groups, and previously un-
recorded contact behavior began to occur. 
Outside the breeding season, when harvesting occurs, seals flee 
from humans that approach closer than 100 m. Adult females and 
juveniles flee at all seasons, and adult males flee except during the 
breeding season. 
Responses to storms-In some years, storms in December and 
January are principal causes of pup mortality. During storms 
mothers do not have time to carry their pups to high ground. Many 
thousands of such pups, particularly in low areas, are either drowned 
or are driven to the mainland shore where they cannot be found 
by their mothers. About 3,000 pups were washed onto Cabo Polonio 
after a storm on December 30, 1979, from islands that are 600 to 
3,000 m from the cape. Similar mortality was seen at Cabo Polonio 
in the breeding seasons of 1981-82, and 1982-83 (unpubl. data). 
Such storms probably affect more pups than those counted because 
many drowned pups never wash ashore. Since this type of mortal-
ity was either absent or very infrequent around 1956, it is probably 
a consequence of the increase of population on the nearby islands. 
SUMMARY ____________ _ 
The principal factors which favored the survival of the Uruguayan 
population of fur seals during the period of unregulated sealing were: 
(1) Kills were made in winter when a large portion of the breeding 
individuals were at sea. 
(2) The groups most accessible to sealers were on the higher parts 
of islands and were composed mostly of males (Ximenez 1962). 
(3) The steep, rocky areas favored by seals for breeding and dur-
ing the winter hampered access by sealers, and allowed many seals 
to escape harvests. With reduced exploitation, inaccessible popula-
tions produced seals that repopulated more accessible areas formerly 
hunted to extinction. 
(4) During winter individuals are extremely shy, and will flee 
from humans that are closer than 100 m. 
(5) Displaced or undersized individuals will breed if a reduc-
tion in adults occurs. 
(6) Seals, especially nonbreeders, tend to remain at sea for long 
periods of time in response to disturbance, thus reducing the 
numbers available for exploitation. 
These traits contrast with those of other Arctocephalus species 
that were once nearly extinct. For example, A. townsendi, although 
tending to inhabit caves, had an extreme innate tameness (Kenyon 
1973). A. gazelLa bred in open, unprotected areas where the popula·· 
tions were very exposed to killing. Finally, A. phillippi bred in ex-
tensive, open colonies, yet a few managed to survive inside caves 
(Torres et al. 1979). 
A least one mechanism regulates the A. australis population when 
it reaches high levels. Under crowded conditions, breeding groups 
and pups occupy low, unprotected areas of islands where storms 
and high seas often cause increased mortality of pups. 
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Presence of the South 
American Fur Seal, 
Arctocephalus australis, 
in Northern Chile 
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ABSTRACT 
After an individual of Arc/ocephalus australis was discovered on the coast of Anto-
fagasta Oat. 23°35'S) in 1982, a census during February 1983 revealed 228 animals 
between Punta Paquica Oat. 21°54'S) and Rocas Abtao Oat. 23°05'S), with 61% 
of individuals at these two localities. It is suggested that the presence of A. australis 
in northern Chile may be due to an influx from colonies in southern Peru, perhaps 
caused by the adverse effects of the "EI Nino" phenomenon. The distribution 
and abundance of A. australis in Chile is poorly known, and further surveys and 
research studies are badly needed. In view of the extensive overlap in range and 
potential c.mfusion between this species and the South American sea lion Otaria 
flaveseens, which can legaUy be shot, it is recommended that the statutory pro-
tection be enhanced by a program of education on a local and regional basis to 
ensure the effective protection of A. australis, especiaUy if breeding colonies become 
established. 
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INTRODUCTION __________ _ 
Four species of fur seals have been recorded in Chile: Antarctic 
fur seal Arctocephalus gazella, Subantarctic fur seal A. tropicalis, 
Juan Fernandez fur seal A. philippii, and South American fur seal 
A. australis. 
A. gazella has been recorded at the Juan Fernandez Archipelago 
(Torres 1983) and might occur regularly during fall and winter in 
the southern channels (Torres 1976) as suggested by the discovery 
of a dead individual at Hoste Island (lat. 55°30'S, long. 68°97'W) 
originally marked at Bird Island, South Georgia (Texera 1974). 
A. tropicalis has occurred at the Juan Fernandez Archipelago from 
1979 (Torres and Aguayo 1984) to 1984 (Torres 1984, 1987), where 
a breeding colony could possibly develop, as suggested by the 
presence of animals of both sexes, including juveniles. It might also 
occur at other localities between the Diego Ramirez Islands and 
the Juan Fernandez Archipelago. 
A. philippii is endemic to the Juan Fernandez Archipelago and 
Islas Desventuradas (San Felix and San Ambrosio); no sightings 
were recorded outside these islands until at least two individuals 
were identified in colonies of A. australis in Peru (P. Majluf, Univ. 
Cambridge, pers. commun. 1984). It is also possibly found in cen-
tral and northern coast of Chile. 
A. australis was known to breed from the Diego Ramirez Islands 
north to Chiloe Island (Torres et al. 1979). Although Repenning 
et al. (1971) and Vaz-Ferreira (1976, 1979) indicate a continuous 
distribution along the Chilean coast, there is no real historical 
evidence for its presence in central and northern Chile. 
During observation and census work on South American sea lions 
Otaria flavescens (Fig. 1) along the coast of Antofagasta, Chile, 
a male A. australis was photographed (Torres et al. 1983) on islets 
next to Punta Angamos (lat. 23°05'S) in February 1982. This paper 
reports the recent findings of this otariid in the area, discusses the 
possible causes of its presence in northern Chile, and suggests action 
to ensure its protection. 
MATERIALS AND METHODS ______ _ 
The observations made between Punta Paquica and Punta Angamos 
in February 1983 involved a census of both A, australis and O. 
flavescens. Counts were made with the naked eye or using \0 X 50 
binoculars either from small fishing boats or from cliffs. 
In August 1983, a skull of an adult male was collected at Punta 
Angamos; to identify the species, measurements of the facial angle 
(FA) and condylobasallength (CBL) were made, following Repen-
ning et al. (1971). 
RESULTS _____________ _ 
The identification of the first animal was made on the basis of 
photographs (Fig. 2; Torres et al, 1983). This was confirmed when 
measurements of the FA/CBL ratio of another individual agreed 
with those of A. australis (Fig. 3). Furthermore, when comparing 
the shape of the postcanines of the skuJl collected with those il-
lustrated by Repenning et al. (1971), the identity with A. australis 
was clear. The weak teeth are narrower than those of other species 
and show conspicuous small cusps accessory to the central cusp 
and diagnostic. 
In the area covered, A. australis was reported in 13 colonies out 
of 22 (Fig5. 4, 5); the remaining nine colonies were exclusiveJy 
Figure l-Male and female of Otariaj1avescens al a typical site on the shore of Antofagasta. (Photo: C. Guerra). 
Figure 2-Young male of Arctocepludus (WstraJis on rookery of the shore of Antofagasta. Note the steep substrate 
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Figure 3-Graph of facial angle (FA) vs. condylobasallengtb (CBL) of A. australis and the other species Arc/ocephalus, after Repen-
ning et al. (1971). The arrow shows the FA/CBL relationship for the skull collected at Punta Angamos, Antofagasta. 
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Table I-Distribution and number of the fur seal (Arcto-
cephalus australis on the Chilean coast from 21°54'S to 
23°05'S during EI Nino 1982-83, 
Location (0 5) Lat. (°S) Date Total no. % 
'Pta. Paquica 21°S4' 14/02/83 40 I7.S 
bl. Algodonaies 22°0S' 13/02/83 22 9.6 
'Pta. Agua Dulce 22° IS' IS/02/83 0.4 
'Pta. Alala 22°17' ISI02/83 3.S 
'Pta. Cobija 22°33' 10/02/03 22 9.6 
bPta Guasilla 22°3S' 10/02/83 I 0.4 
'Pta. Thames 22°39' 16102/83 26 1\.4 
'Pta. Guaque 22°41' 16102/83 0.4 
'Pta. Guala-guala 22°46' 16/02/83 4 1.8 
bRocas Blancas 22°S6' 17102183 0.4 
'Pta. Chacaya 22°S8' 17102183 2 0.9 
'Pta. Angamos 23°0S' 27/02183 7 3.1 
bRocas Abtao 23°0S' 27102183 93 40.8 
Total 228 99.8 
'Individuals on rocks on the shore. 
blndividuals on islets. 
of O. flavescens. Figure 4 shows the percentage relationship be-
tween the species. Of these 13 colonies, 4 are on islets at distances 
offshore ranging from 100 to 800 m. All sites occupied by A. 
australis are of rocky substrate. In most cases, the animals were 
found on steep wave-beaten sectors. 
Sites with greater concentrations were, in decreasing order: the 
sector of Punta Angamos (including the islet of Rocas Abtao), 100 
animals; Punta Paquica, 40; and Punta Thames, 26. The coordinates 
of each site and the number and percentage of animals are shown 
in Table I. The data on the census and distribution of both species 
are shown in Table 2. 
Although both species shared most of the sites-without ever oc-
curring on the same rock-A. australis was found in several sites 
not occupied by O. fltlvescens. Only at Punta Paquica were the 
species particularly close together, probably due to the density of 
individuals there. 
DISCUSSIONS ___________ _ 
The photographs and skull measurements confirm that the animals 
found in this region of Chile are A. australis. It is useful to review 
the information on their occurrence in this area. 
From Molina's (1782) time until very recently, the presence of 
A. australis between Arica (lat. 18°27'S) and Valdivia (Iat. 39°27'S) 
had never been confirmed. Aguayo et at. (1971) reported: " ... to 
date in Chile we have observed lA. australis] only in two locations 
down in the south ... Moreover, we are in a position to assure that 
this animal does not exist between Arica and Valparaiso, since dur-
ing the census of seals we have carried out (1965-68) we have not 
observed a single individual of this species." Later on, Aguayo 
and Maturana (1973) do not mention this species in the census made 
between Arica and Punta Maiquillahue (Valdivia). Some author~, 
however, have accepted, but not confirmed, the presence of thi~ 
fur seal between Arica and Valparaiso (Cabrera and Yepes 1940; 
Yanez 1948; Miller and Rottmann 1976) and other specialists in-
dicate this species as continuously present from the far south to the 
northern region of Chile (Repenning et al. 1971; Vaz-Ferreira 1976, 
1979). 
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Table 2-Comparison of number and distribution of fur seal Arctocephalus 
australis and sea lion Otariajklvescens on the Chilean coast between 21°54'S 
and 23°05'S during EI Nino 1982-83. 
A. australis O. jklveseens 
Total 
Location La!. (°S) Date no. % no. % no. 
Paquica 21°S4' 14/02/83 40 11.1 321 88.9 361 
Pta. Ana 2Z001' 14/02/83 3 100 3 
Sur Pta. Ana 14/02/83 6 100 6 
I. Algodonaies 2Z00S' 13/02/83 22 22.7 75 77.3 93 
Pta. Blanca 22°11' ISI02/83 100 
Pta. Agua Dulce 22°1S' IS102/83 I 12.S 7 87.5 
Pta. Alala 22°17' IS/02183 8 14.8 46 8S.2 54 
Pta. Bandurrias N. 22°2S' 16/02/83 40 100 40 
Pta. Los Chinos 22°26' 16/02183 13 100 13 
Pta. Grande 22°28' 16/02/83 3S 100 3S 
Pta. Cobija 22°33' 10/02/83 22 9S.7 4.3 23 
Pta. Guasilla 22°35' 10/02/83 1.8 S3 98.1 S4 
Pta. Tamira 22°36' 10/02/83 \I 100 \I 
Pta. Thames 22°39' 16102/83 26 23.2 83 76.8 1\2 
Pta. Guaque 22°4 l' 16/02/83 1 11.1 8 88.9 9 
Pta. Guala-guala 22°46' 16102/83 4 3.2 120 96.8 124 
Pta. Yayes 2Z048' 16/02/83 IS 100 IS 
Pta. Homos 22°5S' 17102/83 3 100 3 
Rocas Blancas 22°56' 17102183 I 5.6 17 94.4 18 
Pta. Chacaya 22'S8' 17102183 2 40.0 60.0 
Pta. Angamos 23°05' 27102/83 7 24.2 22 7S.8 29 
Rocas Abtao 23°0S' 27/02183 93 60.7 60 39.2 153 
Total 228 (19.4%) 946 (80.6%) 1,174 
The possible presence of the South American fur seal in the north 
has been reported in only two locations: (I) Cerro Moreno, near 
to Antofagasta (Albert 1901); and (2) Azocar rookery, to the south 
of Antofagasta (Opazo 1926), In both cases no further data are pro-
vided to allow verification of these records. Thus, the record of 
Torres et at. (1983) and the subsequent observations and records 
constitute the first definite records of A. australis in this area. 
However, the species is locally common in parts of Peru, so it is 
strange that it should be absent or rare in Chile north of Chiloe. 
There are a number of possible explanations. First, the species 
may have been overlooked in the past and mistaken, by inexperi-
enced observers, for Otaria. This does not seem very likely because 
several experienced biologists have conducted field work in this 
area. Second, the species might have been eliminated from the area 
by hunting and have been unable to recolonize. There are no records 
of fur seals being hunted in this region, however, and one might 
have expected some recolonization from Peru in the lengthy period 
since any general exploitation of fur seal species ceased. 
This suggests that the appearance of the species in the area may 
be fairly recent. As fur seals still appear to be absent between Chiloe 
and Antofagasta, it is likely that the colonists have come from Peru. 
The main colonies in Peru seem to be closely associated with upwell-
ing areas (Majluf and Trillmich 1981) and, at least in response to 
the 1983 EI Nino, their numbers undergo substantial fluctuations. 
It is possible that the major environmental changes caused by the 
EI Nino, whereby numbers of fur seals were much reduced at the 
Peruvian colonies, prompted the dispersal of animals away from 
these sites and into northern Chile. This does not account for the 
presence of the single ani:nal in 1982, before El Nino had started, 
but, as in other Arctocephalus species, there is doubtless substan-
tial dispersal of individuals away from breeding colonies at certain 
times of the year. 
Fur seals may have visited northern Chile during previous EI Nino 
events, but if so, apparently did not colonize the area. This might 
be because the local upwelling is insufficiently strong to support 
the more pelagic A. australis, although the marine environment and 
its resources are sufficient to support O. jlavescens. Further surveys 
are required to determine whether the animals recorded in 1983 
stay in the area and attempt to form a breeding colony. 
Although all fur seals in Chile are fully protected, O. flavescens 
is not because hunting of animals that interfere with fishery activities 
is permitted. Local fishermen may not readily be able to distinguish 
A. australis from O. jlavescens, and a program of local and regional 
education is required to ensure that A. australis remains fully pr0-
tected in northern Chile and that its attempts to coloniu the area 
are not thwarted. 
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ABSTRACf 
Macquarie Island and its fur seals were discovered in July 1810 when indis-
criminate harvesting began. Little harvesting occurred after 1820. As many as 
193,300 fur seals were killed. No specimens are available of the original fur seal 
(the "upland seal"). Two groups of fur seals at Macquarie Island are now 
recognized: one comprises New Zealand fur seals Arctacephalus forsteri; the other 
includes subantarctic A. tropicalis and Antarctic fur seals, A. gazella. Of these 
species, it is deduced that A. tropicalis is mostlikeiy to have been the upland seal. 
A. forsteri has been at the island since at least 1948. It is present year-round. 
does not breed there, and is the more abundant group. Numbers increase slowly 
from November to March. Annual censuses in about March increased since 1950. 
reaching 1,222 for the whole island in 1982. From 1981-82 breeding territories 
containing cows and pups of A. gazella and A. tropicalis, as well as A. tropicalis 
bulls, have been recognized. A. tropicalis has not previously been reported as 
breeding in Australian waters. It is likely that pups born since 1954-55 belong 
to the A. gazella/A. tropicalis group and not to A. forsteri as previously assumed. 
Maximum numbers in the A. gazella/A. tropicalis group occur in summer. In 
1982-83, 20 pups were born. Data are provided on pupping season; mortality, 
nursing period, mass, and growth of pups; and the attendance patterns of cows 
ashore. For seals of both groups information is provided on spatial and temporal 
distribution and feeding habits. Suggestions are made for further work to assist 
in identifying pups of the three species, to determine which species partake in 
mating, and to monitor an expected population increase. 
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INTRODUCTION __________ _ 
Fur seals were abundant at Macquarie Island (lat. 54 oS, long. 
159°E, close to and north of the Antarctic Convergence; Fig. 1) 
when it was discovered in 1810. Intense, indiscriminate harvesting 
began inunediately, and the fur seals were reported extinct by 1820. 
Few were taken in ensuing years (Cumpston 1968). There are no 
known specimens of the original seal, nor is its specific identity 
known. 
By 1948 when the Australian National Antarctic Research Ex-
pedition (ANARE) station was installed on the Isthmus. the New 
Zealand fur seal, 4rctocephalusforsteri, was established at the is!and 
(Gwynn 1953). This species breeds on the South Island of New 
Zealand, its subantarctic islands, and on the coast of South Australia 
and Western Australia (Crawley and Warneke 1979). 
The first fur seal pup was found at Macquarie Island in March 
1955 (Csordas 1958). Small numbers (up to two, possibly three, 
annually) were born from then until 1963-64 (Csordas and Ingham 
1965). These pups were assumed to be A. Jorsteri. A male Sub-
antarctic fur seal, A. tropicalis, was reported at Macquarie Island 
on North Head Peninsula in March 1959 by Csordas (1962) who 
used the vernacular name, Kerguelen fur seal. 
In this paper the history of fur seal harvesting at the island is 
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Figure I-Map of Macquarie Island showing localities where fur seals occur. 
to date. Furthermore, the presence of breeding groups comprising 
the Antarctic fur seal A. gazella and A. tropicalis since the sum-
mer of 1981-82 is documented, and aspects of the biology of all 
fur seals at the island are presented. 
Shaughnessy was stationed at the island in 1966 and 1968, visited 
it in December 1981, and subsequently collated information from 
fur seal log books kept by ANARE personnel. Fletcher was the 
resident medical officer from October 1981 to February 1983, and 
made most of the observations from that period included in this 
report. 
mSTORY OF HARVESTING _______ _ 
No detailed enumeration of fur seal skins taken at Macquarie Island 
has been made, and information summarized here is almost entire-
ly from Cumpston (1968). Fur seals and southern elephant seals, 
Mirounga leonina, were abundant at the island when it was dis-
covered. There appears to be little confusion in the literature between 
harvest statistics of the two species because the former was taken 
for skins, whereas the latter was taken for oil and, less important-
Iy, for hides. It seems that the terms "seals" and "skins" have 
been used for fur seals, and the terms "sea elephants", "oil," and 
"hides" for elephant seals. 
Harvesting began at Macquarie Island when it was discovered 
in July 1810 by the sealing vessel Perseverance from the Sydney 
merchant house of Robert Campbell and Co. By 25 May 1811, 
56,974 skins had been procured, with another 5,000 taken between 
May and October 1811. Two secondhand reports suggest that SO,OOO 
to 100,000 seals were taken in the first year, possibly involving 
ships of other Sydney merchants (e.g., Simeon Lord). 
Cumpston (1968, p. 26) concluded that "By the end of 1812 over 
120,000 seal skins had been exported," but elsewhere (Cumpston 
1974, p. 34) noted that "In 2 years 160,000 fur seal skins had been 
shipped." These figures presumably refer to the first 18 months 
and 2 years of harvesting; it is not apparent how they were obtained. 
After 1812, catches were much smaller. For the summer of 1813-14, 
Cumpston (1968) records only a single shipment of 345 skins. For 
the following summer he again records only one shipment of2,69O 
skins (Cumpston 1968), although the Sydney Gazette of 15 April 
1815 indicated that more (up to 5,000 or 6,(00) were taken. 
By 1815 fur sealing at Macquarie Island was no longer a paying 
proposition, according to the Sydney Gazette of 15 April 1815 
(Cumpston 1968). Even so, 10,516 skins were sent to Sydney in 
March 1819 on the Governor Bligh, some of which were from 
Macquarie Island, and 4,433 skins from Macquarie arrived there 
in May and November 1819 on the Elizabeth and Mary. But in the 
following year the skipper of the Campbell Macquarie found no 
fur seals there (Cumpston 1968). 
After his visit to the island in late 1820 the Russian explorer Bell-
ingshausen stated that fur seals had been exterminated (Debenham 
1945). This seems surprising in view of three substantial shipments 
of skins that arrived in Sydney during the previous year and the 
report of 12,000 arriving in Sydney in February 1821 on the Gover-
nor Bligh (Cumpston 1968). It is possible that some of those skins 
had been collected earlier and retained at the island for want of 
shipping. In 1821 four fur seals were reported to have been killed 
by Captain Raine of the sealer Surry. A few years later, two seal-
ing expeditions to Macquarie Island, one in 1829 (Governor Arthur) 
the other in 1831 (Venus), failed to fmd any fur seals (McNab 1909, 
1913). Similarly none was seen from December 1851 to April 1852 
by a party led by John Cook collecting elephant seal oil (Cumps-
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ton 1968). On the other hand, an Enderby exploring expedition is 
reported to have taken a very large number of fur seal skins there 
in 1837, but no details are given (Cumpston 1968). 
Summation of the harvest data provided by Cumpston (1968 and 
1974) leads to an overall harvest of at least 179,500 to 193,300 
skins. These estimates are similar to the figure of 180,000 skins 
quoted by Carrick (1957) and Csordas and Ingham (1965). The 
source of that figure is not stated but is likely to have been Mawson 
(1923). The firm of Robert Campbell and Co. alone took at least 
101,200 skins (Hainsworth 1972). Higher estimates rest on an inter-
pretation of the early secondhand account in the Sydney Gazette 
of 15 April 1815 (Cumpston 1968, p. 35) that "100,000 skins were 
procured in the season" for each of several years from the island's 
discovery. This interpretation is discounted, since it is clear from 
the whole article that a harvest figure is provided for the first season 
only. 
Until 1919, Macquarie Island was inhabited periodically by gangs 
of men collecting oil from elephant seals and penguins. It was then 
visited rarely until 1948 when the Australian government set up 
the permanent ANARE station. Few fur seals were reported until 
1948. Recorded sightings were made in 1874, and between 1896 
and 1900 (Cumpston 1968). Members of the Australasian Antarc-
tic Expedition (AAE) residing at the island from December 1911 
to November 1913 saw none (Mawson 1915), but were informed 
that over the previous 11 years a few fur seals (all of which were 
killed) had appeared on the beaches on a number of occasions 
(Mawson 1943). The last license for harvesting elephant seals and 
penguins at Macquarie Island was issued for 12 months beginning 
August 1918. The island was declared a sanctuary in 1933 (Cumps-
ton 1968). 
In summary, harvesting of fur seals at Macquarie Island began 
in 1810; by 1815 it was hardly a paying proposition; and little was 
done after 1820. The precise number killed is not known, but is 
likely to have been as many as 193,300. Few fur seals were seen 
at the island from 1820 to 1948, and most of those were killed by 
gangs taking elephant seals and penguins for oil, which ensured 
extinction of the original fur seal and prevented any colonizers from 
becoming established. Early accounts (Cumpston 1968) indicate that 
killing was indiscriminate. The specific identity of the fur seal so 
energetically harvested at Macquarie Island is unknown. 
SUBSEQUENT 
AND PRESENT RECORDS ________ _ 
As indicated above, a population of A. forsteri has been at Macquarie 
Island since at least 1948, and one A. tropicalis was reported there 
in 1959. In December 1981 two A. tropicalis adult males were 
discovered holding breeding territories. This led to a closer study 
of all fur seals on the island, a reassessment of their taxonomic 
status, and an examination of fur seal log books. Two distinct groups 
of fur seals are now considered to dwell at Macquarie Island, one 
comprising A. forsteri, the other including both A. gazella and A. 
tropicalis. The two last species breed on islands in the South Atlantic 
and South Indian Oceans: the former south of and near the Antarc-
tic Convergence, the latter north of the Antarctic Convergence. 
Major concentrations are found at South Georgia and Gough Island, 
respectively. The two species occur together at Marion Island and 
Des Crozet (Bonner 1968; Condy 1978; louvcntin et al. 1982; 
Shaughnessy 1982). 
Arctocephalus forsteri is generally the most abundant species at 
Macquarie Island. It is present year-round, but does not breed there. 
Most animals were reported to be young, nonbreeding males (J0hn-
stone 1972). They occur primarily at North Head Peninsula, on 
the east coast of the island and on the northwest and southeast points. 
Current composition of breeding territories 
Breeding territories were observed in 1981-82 and 1982-83 at Goat 
Bay and Secluded Beach on the east coast of North Head Peninsula 
(Fig. I). The two A. tropicalis bulls discovered in December 1981 
were identified by the unique cream-colored chest and face and black 
crest of that species' adult male (see Bonner 1968; Repenning et 
al. 1971; Condy 1978). The remainder of their pelage was dark 
grey to dark brown and recognizably different from that of New 
Zealand fur seals on North Head Peninsula, which have a more 
uniform, browner pelage like those in the New Zealand region 
(Crawley and Wilson 1976). Arctocephalus tropicalis bulls were 
seen again in 1982-83 (Fig. 2). No bulls seen in these two seasons 
fitted the descriptions of A. gazella provided by Bonner (1968) and 
Condy (1978). 
In December 1981 Shaughnessy photographed seven cows in one 
of the territories. Those not obscured were later identified from 
transparencies by W. N. Bonner (Br. Antarct. Surv .. Cambridge), 
D. W. Doidge (McGill Univ., Quebec, Can.), and G. I. H. Kerley 
(Man.m. Res. Inst., Univ. Pretoria) (pers. commun. 12 May and 
28 June 1983) as A. gazella because of their long flippers, promi-
nent light ·colored ears, and almond-shaped eyes, characteristics 
mentioned by Condy (1978). An A. tropicalis cow was identified 
in a black-and-white print taken at Goat Bay in January 1983 (Fig. 
2) by its pelage coloration: pale on the face, throat, and chest con-
trasting with darker head and back (G. I. H. Kerley, Univ. Pretoria, 
pers. commun. 25 April 1984) The flat head, white muzzle, and 
blunt snout of the pup in the same print serve to identify it as A. 
gazella. The evidence suggested it did not belong to the A. tropicalis 
cow. In general, cows in territories in 1981-82 and 19R2-83 had 
sleek, Silvery-gray dorsal pelage, with a paler ventral surface, and 
were readily differentiated from A. Jorsteri animals of similar size 
which have a more uniform, browner pelage (Crawley and Wilson 
1976). 
Vocalizations of fur seals in breeding groups at Secluded Beach 
were recorded in January 1976 by D. Parer, Australian Broadcast-
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Figure 2-Subantarctic fur seal bull and cow, and 
Antarctic fur seal pup in Goat Bay, Macquarie 
Island, January 1983. 
ing Comm., Melbourne. A sonogram of the pup-attraction call of 
a cow (Fig. 3) is similar to that of A. gazella, and different from 
those of A. p. doriJerus and A. Jorsteri featured by Stirling and 
Warneke (1971; Fig. I). Sonograms of A. tropicalis were not 
available for comparison. 
A few of the pups in territories held by an A. tropicalis bull and 
including A. gazella cows were photographed. Some of them had 
relatively long flippers, a broad, flat head, a blunt snout, and whitish 
muzzle, which made them similar in appearance to A. gazella pups 
at SOUlh Georgia, as illustrated by Bonner (1968, plates 11Th and 
Vf). The whitish muzzle of the A. gazella pup has also been noted 
at Marion Island by Condy (1978) and G. I. H. Kerley (Univ. 
Pretoria, pers. commun. 15 Aug. 1983) and contrasted with the 
muzzle of the A. tropicalis pup which is the same color as the re-
mainder of the face. The muzzle of some A. Jorsteri pups is also 
grizzled (R. H. Mattlin, Fish. Res. Div., Wellington, NZ, pers. 
commun. 25 April 1984). The head of A. gazella pups, which is 
broad and flat and has a blunt snout, appears different in shape from 
those of two A. Jorsteri pups depicted in photographs taken at South 
Neptune Island, South Australia by I. Stirling (Can. Wild\. Serv., 
Edmonton, Alberta) and at Open Bay Islands, New Zealand, by 
R. H. Mattlin tFish. Res. Div., Wellington, NZ). Heads of those 
pups have a rounded profile and sharper nose. 
Of the pups photographed at Macquarie Island in 1982-83, the 
flippers of one were shorter than those of A. gazella pups, but it 
could not be identified to species. In another, the flipper length and 
white muzzle were suggestive of A. gazella, but the face profile was 
not blunt as in A. gazella pups. Thus, although several pups have 
been identified as A. gazella, we consider that not all of them in 
1982-83 belonged to that specie~. Some of them that cannot be iden-
tified may be hybrids between A. gazella cows and A. tropicalis bulls. 
No A. Jorsteri bulls or cows were found in territories during the 
breeding season in 1981-82 and 1982-83. We conclude, as did 
Johnstone (1972), that the species occurs at the island only as a 
nonbreeding population. 
In summary, seals in breeding territories at Macquarie Island were 
not A. Jorsteri. All bulls could be identified as A. tropicalis. Both 
A. gazella and A. tropicalis cows were recognized, as well as A. 
ga-;.ella pups. But only a small number of cows and pups could be 
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Figure 3-Sonogram of pup-attraction call of a cow at Macquarie Island. January 1976 (ef. A. gazelfa cow in Stirling and Warneke 1971. fig. Id). 
island. based on the length of time they were ashore (see below). 
For convenience. seals in territories are referred to in this paper 
as the A. gazellalA. tropicalis group. 
Behavior outside the breeding season 
On a few occasions in 1981-82. A. Jorsteri males were seen with 
cows and pups of the A. gazelLaI A. tropicalis group after A. lropica-
lis bulls had abandoned them. No such groups were seen in 1982-83. 
The haul-out pattern of seals of the two groups at Macquarie Island 
during winter was quite different. With the exception of young-of-
the-year. animals of the A. ga::.e/LaIA. tropicalis group were not 
seen ashore in 1982 after June. and no bulls or subadult males were 
ashore after May. On the other hand. A. Jorsteri were ashore year-
round. although few were present from July to Novembcr. These 
were mostly subadult males and. to a lesser extent. immatures. 
Identity of pups born since 1955 
Pups are known to have been born at Macquarie Island since 
1954-55. Earlier they were assumed to be A. Jorsteri because older 
animals at the island had been so identified by E. Troughton of the 
Australian Museum, Sydney (Gwynn 1953). Although we have 
looked closely at pups and their attendant cows only in 1981-82 
and 1982-83. we suggest that pups born earlier have not been A. 
Jorsteri. Photographs of pups (some with attendant cows) that we 
examined are all of A. gazella. They are: photographs in Csordas 
(1963) and Csordas and Ingham (1965, plate 4) which we deduce 
were of pups born in December of 1955 and 1956. respectively; 
two black-and-white prints and two transparencies by M. D. Mur-
ray (CSIRO. Sydney) of a pup in December 1957; a transparency 
of a pup by W. J. M. Vestjens (CSIRO. Canberra) in 1962; a 
transparency by J. K. Ling (S. Aust. Mus .• Adelaide) of a pup in 
February 1964; a transparency by P. 1. Ormay (formerly of 
ANARE. Melbourne) of a cow and pup in December 1967; and 
a transparency by G. W. Johnstone (Antarct. Div., Hobart) of a 
cow and pup in December 1975. Each photograph shows a pup with 
the flat head. whitish muzzle, and blunt snout characteristic of A. 
gazella. In addition. a transparency of a cow with barely visible 
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pup taken in December 1981 shows the long flippers characteristic 
of A. gazella. Each of the photographs taken in December 1955. 
1956. 1967, and 1975 includes an A. gazella cow. 
Earlier sightings of A. gazella and A. tropicalis 
Individual male subantarctic fur seals had been sighted at Macquarie 
Island before the discovery of breeding groups there in December 
1981. One such male was reported by Csordas (1962). Confirma-
tion that this was an A. tropicalis is provided by the similarity of 
its description and photograph with those described above and in 
Figure 2. We are aware of sightiugs of seven other A. tropicalis, 
all from North Head Peninsula, in December 1961. February and 
March 1963. September 1963. March 1965. February 1968. 
December 1973 and March 1974 (probably of the same animal). 
and December 1978. The first of these had the coloration of an 
A. tropicalis cow. All others had the creamy white chest and face 
typical of A. tropicalis males. The skull of the second animal was 
collected (Museum of Victoria no. C3995). 
An immature A. gaze/La was sighted on the Isthmus at the ANARE 
station on several occasions in September 1980. It was identified 
on the basis of its long flippers and prominent ears. Five sightings 
of A. gazelLa cows are included in the previous section. 
Use of transferrin types in identification 
Identifying seals of the A. gazelLaI A. tropicalis group is not assisted 
by information currently available on electrophoretic typings of the 
blood serum protein transferrin by Shaughnessy (1970), although 
30 samples from Macquarie Island were examined. Transferrin has 
also been examined in A. gazelLa and A. tropicalis from Marion 
Island by Kerley (1984) who demonstrated a marked difference 
between the two species. No comparison was made with transfer-
rin types reported by Shaughnessy (1970). Thus transferrin types 
,of the three species occurring at Macquarie Island have been 
demonstrated, although at different islands. An orchestrated survey 
of series from the island and from reliable sources of the three 
species involved could be used to resolve the species composition 
of fur seals at Macquarie Island. 
IDENTITY OF THE ORIGINAL SEAL 
OF MACQUARIE ISLAND --------
According to the French taxonomist Lesson (1828) the original seal 
at Macquarie Island was known to Anglo-American sealers as the 
"Upland seal." It also occurred at the Antipodes Islands (lat. 50 0 S. 
long. 175°E). Its name implies that it moved well inland. a habit 
characteristic of A. gazella at South Georgia (D. W. Doidge, McGill 
Univ., Quebec, and T. S. McCann, Br. Antarct. Surv., Cambridge. 
pers. commun.) and Marion Island (G. 1. H. Kerley, lIniv. Pretoria, 
pers. commun.); A. tropicalis at Marion Island (Kerley, pers. 
commun.); A. forsteri in New Zealand and on its subantarctic islands 
(Crawley and Wilson 1976). 
At least some of the upland seal population must have been ashore 
during winter, for fur seals were present in July 1810, when 
Macquarie Island was discovered, and were ashore again in the 
following winter when 5,000 skins were taken between May and 
October. According to Condy (1978) and Kerley (1983a) the small 
population of A. gazella at Marion Island is rarely ashore during 
winter. Males of this species come ashore in winter at Bird Island, 
South Georgia, although in much smaller numbers than during the 
breeding season (Payne 1979; P. G. Copestake, Br. Antarct. Surv., 
Cambridge, pers. commun.). This aspect of the upland seal's an-
nual cycle suggests that it was not A. gazella. 
That the original fur seal at Macquarie Island is unlikely to have 
been A. Jorsteri is suggested by the failure of the colonizing A. 
Jorsteri population, which has been there since at least 1948, to 
establish a breeding population and increase markedly, even though 
the habitat appears unchanged. Leswn (1828, p. 411) described 
the upland seal as small and distinguished it from the fur seal 
harvested in southern New Zealand which "appears to have distinct 
characters." On the basis of location. the latter seal was most like-
ly A. Jorsteri. Consequently, according to Lesson, the original 
species at Macquarie Island was not A. Jorsteri. When writing of 
the upland seal, Falla (1965, p. 67) stated that it was reputed to 
have had a "superior fur." In addition he noted that a collection 
of seal bones was' 'made some time ago by the Australian Expedi-
tion at Macquarie 1., but not yet studied." 
A collection of bones was not mentioned by Mawson (1940, 1942, 
1943) in reviews of the work of the Australasian Antarctic Expedi-
tion (AAR) at Macquarie Island; by Ainsworth (Mawson 1915) who 
was leader of the party at Macquarie; by Grenfell Price (1962) in 
his account of the British, Australian, and New Zealand Antarctic 
Research Expedition (BANZARE); or by Falla in his report of 
animal life seen at the island during the BANZARE visit (Crowther 
1933). Further evidence that the collection is unlikely to have been 
made on either of these expeditions comes from an examination 
of records held in the Mawson Institute for Antarctic Research, 
Adelaide, Aust.. and enquiries made of appropriate museums. 
Falla visited the island in December 1957, and it is likely that 
he was referring to a collection made there in that year, even though 
it was only a few years later in 1965 that he mentioned that the 
bones were collected "some time ago." M. P. Hines (formerly 
of ANARE, Melbourne, pers. commlln. 6 June 1984) collected two 
fur seals of unknown identity in 1957 which are deposited in the 
National Museum of New Zealand (two skeletons, one skin; nos. 
MM 1640 and MM 1641). In addition, K. Keith (formerly of 
ANARE. Melbourne, pers. commun. 30 May 1984) collected one 
fur seal. These specimens are all of animals that died during 1957 
and so provide no information on the identity of the upland seal. 
Fur seals were greatly reduced by harvesting in the nineteenth 
century in New Zealand, its subantarctic islands, and Macquarie 
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Island (Crawley and Warneke 1979). They became extinct only at 
Antipodes and Macquarie Islands (Taylor 1969; Falla 1962, 1965), 
the two islands where the upland seal occurred. A. Jorsteri did not 
become extinct at any of the New Zealand subantarctic islands. 
Presumably the rugged coastline it inhabited made harvesting the 
last few animals uneconomical (Falla 1962) when there were no 
alternative species to continue harvesting, as there were at 
Macquarie Island. 
Both Macquarie and Antipodes Islands have been recolonized by 
fur seals this century. As at Macquarie, the colonizers at the 
Antipodes are nonbreeding A. Jorsteri (Taylor 1969). The numbers 
remain small, at 1,100 in February 1969 (Taylor 1979), especially 
in comparison with the presumed original numbers (Crawley and 
Warneke 1979). Numbers of fur seals at the Antipodes Islands are 
now similar to those at Macquarie Island and, furthermore, appear 
to have increased at a similar rate from very small numbers in 1950. 
These observations support the proposition that the original fur seal 
at Macquarie was not A. Jorsteri. 
Csordas (1962) suggested that the upland seal may have been A. 
tropicalis, based on his sighting of a "young male" A. tropicalis 
at Macquarie Island in March 1959. He further suggested that it 
was gradually rediscovering its old colonies. Falla (1965) echoed 
these sentiments, although he used the name A. gazella, as used 
then for the seal reported by Csordas. 
The sighting of a male A. tropicalis at the Antipodes Islands in 
December 1978 by Taylor (1979) provides some support for the 
proposition that this species is the upland seal, although stragglers 
of A. tropicalis are not limited to Macquarie and Antipodes Islands. 
However, although the arguments presented here favor the proposi-
tion that A. tropicalis is more likely to have been the upland seal 
than A. gazella or A. Jorsteri, the possibility remains that it was 
another, extinct species of fur seal. 
STATUS AND BIOWGY OF A. FORSTERI 
AT MACQUARIE __________ _ 
Spatial distribution 
Both Csordas and Ingham (1965) and Johnstone (1972) reported 
that most fur seals at Macquarie Island were on North Head Penin-
sula. The same distribution was found in a census carried out over 
most of the island in early March 1982, at the time of year when 
maximum numbers of A. Jorsteri are ashore (Table I). The west 
coast south of Handspike Point was excluded from the census, since 
fur seals were not reported there by Csordas and Ingham (1965) 
and have seldom been seen there in recent years. In the 1982 cen-
sus a total of 1,222 A. Jorsteri were counted, 70% on North Head 
Peninsula, where they occupied several rocky coves. This census 
and others reported here include only animals ashore and exclude 
those nearby in the sea. No correction has been made for animals 
ashore but overlooked. A. Jorsteri are more numerous on the east 
coast of North Head Peninsula, but about one-third of them occur 
on the west coast during late summer when numbers are maximal. 
Some of those on the east coast have been observed with the A. 
gazella/A. tropicalis group. 
Temporal distribution 
Numbers of fur seals on North Head Peninsula were highest from 
mid-February to early April according to Csordas and Ingham 
(1965) who graphed counts for 5 years between 1949-50 and 
Table I-Counts of fur seals 00 Macquarie Island, 5-9 March 1982". 
Location A. Jorsleri 
Handspike Point 80 
North Head Pertinsula 845 
The Isthmus to Sandy Bay" 41 
Sandy Bay to Green GorgeC 116 
1 km south of Green Gorge 32 
Saddle Point 20 
Elsewhere between Green Gorge 
and Lusitania Bay 2 
Lusitania Bay to Hurd Point 10 
Hurd Point 76 
1.222 
aExcludes the west coast south of Handspike Point. 













CMost at Brothers Point and the mouth of the Red River. 
1963-64. Counts made in another 4 years between 1964-65 and 
1981-82 (Fig. 4) concurred with those observations. This seasonal 
distribution is similar to that at nonbreeding colonies (hauling 
grounds) in New Zealand, with peak numbers following the breeding 
season (Crawley and Wilson 1976). The maximum number of A. 
Jorsteri at Macquarie Island is concurrent with that for the whole 
population of fur seals there (Fig. 5). 
Population size 
The index of abundance used by Csordas and Ingham (1965) and 
by 10hnstone (1972) is the maximum annual count of all animals 
on North Head Peninsula between mid-February and early April. 
These counts have been made when and where most of the seals 
occur and when most of those ashore are A. Jorsteri. The appropriate 
figure for the population size in 1981-82 (Fig. 6) is 861 animals. 
The trend in the index of abundance from 19<19-50 (when the first 
counts were made) to 1981-82 (Fig. 6) indicates that the popula-
tion has been gradually increasing. For the whole island. the count 
has increased from 176 seals in early 1950 to 1,222 in March 1982. 
The variability of annual counts can be attributed to several causes: 
they have been carried out by a series of observers; they were made 
after the breeding season, primarily of nonbreeding animals that 
had no ties to land; and, in some years, only a single count was 
made. 
Food 
The only published information concerning food is for four animals 
of unknown specific identity (Csordas and Ingham 1965). They were 
probably A. Jorsteri, since no remarks were made on their pelage 
color, and they were collected when seals of the A. gazella/A. 
tropicalis group were rarely reported. Squid beaks, fish boncs and 
scales, and penguin feathers and bones were identified in their 
stomachs. Squid and fish remains were not identified to specie~. 
Seal scats also contained penguin feathers. They were thought to 
be from rockhopper and royal penguins Eudyptes crestacus and E. 
schlegeli, the two most numerous species at Macquarie Island. Two 
other penguins (king, Aptenodytes patagonicus; and gentoo. 
Pygoscelis papua) occur at Macquarie Island. The former was con-
sidered to be too large to be prey for fur seals and the latter too 
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few to support many predators. In addition, these authors noted 
that penguin skins were not infrequently washed ashore during 
1anuary-March when fur seals were plentiful. 
Unidentified fur seals at Macquarie Island have been recorded 
feeding on seabirds on two occasions. On 19 March 1973 a fur seal 
chased, ca,ught, and ate a royal penguin in the sea near the Nuggets. 
On 141une 1977 a fur seal was seen flinging a blue-eyed cormorant 
Phalacrocorax atriceps about on the surface off the Isthmus. This 
is recognized as feeding behavior in other fur seals, e.g., A. p. 
pusillus (Rand 1959). 
In New Zealand waters A. Jorsteri feeds primarily on squid, Loligo 
spp.; octopus, Octopus spp.; and barracouta, Leionura atun (Street 
1964), whereas at subantarctic Campbell Island principal foods are 
squid and rockhopper penguin (Bailey and Sorensen 1962). 
STATUS AND BIOLOGY OF A. GAZELLA/ 
A. TROPICALIS AT MACQUARIE _____ _ 
Spatial distribution 
Almost all the A. gazella/A. tropicalis group occurs on the east coast 
of North Head Peninsula. In the 1981-82 and 1982-83 summers 
a few were seen at the northern extremity of the peninsula, but the 
majority occurred on two bays: Secluded Beach and the southern 
end of Goat Bay. Pups were born on these two bays only. Csordas 
and Ingham (1965) reported pups at these localities from 1954-55 
to 1963-64; they referred to the latter as Fur Seal Coves. Habitat 
in these bays is similar to the intermediate type in Bester's (1982) 
classification for A. tropicalis at Gough Island, with small boulders 
and a few large rocks. 
In the March 1982 census, the only other place where these seals 
were sighted was Hurd Point (Table 1). One (a pup) was seen at 
Brothers Point in March 1976. In March 1984, 15 were seen at 
Handspike Point and I at Hurd Point (G. Copson, Natl. Parks Wildl. 
Serv., Tasmania. pers. commun.). A pup may have been born at 
Hurd Point in April 1957 (Csordas and Ingham 1965). 
Temporal distribution 
Numbers of the A. gazella/A. tropicalis group ashore are highest 
in January (Fig. 5). Few were ashore during the 1982 winter. This 
group is in the minority at the island, except possibly in early 
December soon after fur seals begin arriving and their numbers 
increase more rapidly than those of A. Jorsteri. 
Population size 
Information on trends in population sizt is available from three 
sources. First, counts of animals during the breeding season showed 
a small increase from 1981-82 to 1982-83. For this comparison, 
four age/sex classes were used: bulls (which were holding terri-
tories); subadult males (recognized by their creamy-colored chest 
and face. smaller size, but not holding territories); cows (which 
may have included young animals of either sex); and black pups. 
In 1981-82, numbers in these four classes were 3, I, 15, and 15, 
respectively, whereas in 1982-83 they were 5,2,30, and 20. Both 
counts were made by the same observer, but the increase may be 
partly caused by more thorough searches and greater experience 
in species identification in the second season. 
Second, counts of pups born at Macquarie between 1954-55 and 
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Figure 4-Annual variation in counts of all fur seals 
on North Head Peninsula, Macquarie Island. 
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Figure 5-Variation in counts of A. Jors/eri and A. gazella/A. /ropicalis on North 
Head Peninsula, Macquarie Island, summer 1982-83. 
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Figure 6-Maximum annual counts of fur seals on North Head Peninsula, 
Macquarie Island, 1950-1982, showing day and month. Counts of all fur seals 
in February, March, or early April when numbers were near maximum. [Data 
from Csordas and Ingham (1965); Johnstone (1972); ANARE station fur seal 
logbooks; [981 count by F1etcherl. 
since 1981-82. These counts have been carried out by many 
observers, which must account for some of their variability. 
A third, less precise indication is the scarcity of repDrts of the 
easily recognizable A. tropicalis males until 1981-82. 
Pupping period 
The earliest date that a pup was recorded was 26 November 1982 
(Table 2). In several years maximum pup numbers were not 
recorded until much later. We believe this does not result from an 
extended pupping season, but from the scarcity of visits to pup-
ping sites and the difficulty of finding pups in the caves and rocky 
terrain they inhabit. Based mostly on the observations made in 
1955-56 to 1957-58,1966-67 to 1969-70, 1976-77, 1979-80, and 
1981-82 to 1983-84, it appears that pups are born from late 
November to mid-December. 
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Table 2-Timing of pupping and number of fur seal pups of the A. gazella/ 
A. /ropicalis group recorded at North Head Peninsula, Macquarie Island'. 
Inspection 
from First pup Max. numbers 
Year mid-Nov. seen recorded Comments 
1954-55 - b 7 March I' 
1955-56 5 Dec. 8 Dec. 2 by 26 Feb. ,.d 
1956-57 5 Dec. I,·d 2-3 days old 
1957-58 30 Nov. I C Placenta attached 
1958-59 Dec. 0' 
1959-60 Dec. 0' 
1960-61 18 Dec. I 
1961-62 24 March Dead pup 
1962-63 28 Feb. 0' 
1963-64 22 Jan. 5 Feb. I C 
1964-65 II Dec. 26 Dec. 4 by 28 Jan.c 
1965-66 16, 23 Nov. 
8, II Dec. 26 Dec. 3 by 18 Feb.c 
1966-67 None 16 Dec. 2 by 26 Dec.c 
1967-68 25 Nov. 12 Dec. 4 on 9 Jan.' 
1968-69 16, 29 Nov. 9 Dec. 3 on 30 Dec.' 
1969-70 15 Dec. 18 Dec. I 
1970-71 26 Nov. 
14 Dec. Don 8 March 
1971-72 None o on 16 Jan. Goat Bay only 
1972-73 None Don 13 March 
1973-74 None Don 18 March 
1974-75 None 25 Dec. 2 on 2 March 
1975-76 None 29 Dec. 6 on 29 Dec' Includes I dead 
pup; another live 
pup at Brothers Pt. 
12 March 
1976-77 None 17 Dec. 4 on 27 Feb. 
1977-78 None 
1978-79 None Don 27 Feb. 
1979-80 None 4 Dec. () on 10 Feb. 
1980-81 7 Dec. 14 Dec. 6 on 24 Dec. Goat Bay only 
1981-82 None I Dec 15 on 9 Marchc 13 seen by 19 Dec. 
1982-83 12 Nov. 26 Nov. 20 on 12 Jan. c Incl udes 2 dead 
pups; 14 recorded 
by 14 Dec. 
1983-84 None 2 Dec. 19 on 16 Jan.c 
'Data for 1954-55 to 1963-64 from Csordas and lngham (1965). 
bDash indicates no information available. 
'Thorough search made. 
dEvidence obtained for the presence of a (or another) pup. 
'Csordas (1958). 
Mortality 
Information on pup mortality was available for two summers when 
searching was thorough. In 1982-83,2 of the 20 pups were found 
dead by age I month, In 1975-76, seven pups were found, one af 
which was dead. Therefore pup mortality rate to age I month is 
11 %. This is likely to be an underestimate, as dead pups are more 
likely to have been overlooked than live ones. 
Degree of polygyny 
Counts of bulls, cows, and pups in the territories (reported above) 
provide overall ratios of five cows and five pups per bull in 1981-82; 
for 1982-83 the ratios are six cows and four pups per bull. The 
maximum number of cows in a territory was 12. That territory con-
tained a subadult male that was tolerated by the bull, For territories 
with a single male, the maximum number of cows was eight. 
Lactation 
At Marion and Gough Islands, Kerley (1983a) and Bester (1981) 
reported that weaning in A. tropicalis was a gradual process which 
began in late September and in mid-August, respectively. Infor-
mation on departure dates (Table 3) indicates that 6 of the 33 pups 
conform to the known weaning dates of A. tropicalis. Without close 
observation the cessation of suckling and departure of a pup will 
rarely be observed. Two pups at Macquarie Island received such 
scrutiny. During the winter of 1967, coves containing pups bear-
ing tags numbered 5 (female) and 6 (male) were visited approx-
imately fortnightly from late March to 3 August, daily or twice daily 
until 5 September, and fortnightly again until the next season's pups 
were born. Pup 5 was last seen on 29 September, but was absent 
on the next (15 October) and subsequent visits. Pup 6 was last seen 
on 18 August. 
Arc/ocephalus gazelLa pups at Marion Island are reported to wean 
from late March, with a median date of28 March (Kerley 1983a). 
Only three pups at Macquarie Island were last seen at about that 
date, all in 1976 (Table 3). They were ashore on 21 March but 
not seen during later searches on 7 June and 29 July. They may 
have been A. gazelLa pups and weaned successfully, or they may 
have died. On the basis of weaning dates for A. gazelLa and A. 
tropicalis at Marion Island, other pups at Macquarie Island last seen 
ashore in January, February, and May-July (Table 3) are unlikely 
to have weaned successfully. 
Data are available on the attendance patterns of cows to two tagged 
A. tropicalis pups in 1967 (nos. 5 and 6) up to their departure. Pup 
5 was attended by a cow on 10 of 41 days (25 %) on which it was 
inspected to 29 September, whereas pup 6 was attended by a cow 
on 2 of 30 days (6.7 %) to 18 August. The frequency of attendance 
by cows to early February was significantly greater than that from 
the end of March when observations resumed (Fisher exact prob-
ability tests, P=0.037 and P=0.014, respectively). 
During an intensive period of daily or twice-daily inspections 
between 3 August and 5 September, a cow was with pup 5 on two 
occasions, each of which spanned 2 days. The first visit lasted for 
1 to 2.1 days, the second for 1.2 to at least 2.2 days. They were 
separated by 9 days. 
Growth 
Pup weights at age 3 to 5 weeks are available for a total of 11 animals 
from two summers, 1975-76 and 1981-82. For four males the mean 
weight is 7.2 kg with standard error of the mean 1.34 and range 
5.0 to 8.6. Seven females weighed 6A± 1048 kg, range 4.0 to 9.2. 
Information on the growth rate of pups is available for four tagged 
pups (one male, three females) over 83 days in the summer of 
1975-76, from 29 December to 21 March. In that period their 
average weight increased from 504 to 10.7 kg, with a mean growth 
rate of 0.066 kg/day. One (a female) was weighed again on 7 June. 
For the 78 days from March to June its weight increased from 11.0 
to 15.5 kg, at a mean growth rate of 0.058 kg/day. 
For 1967, information is available on the growth rate of two pups 
from 31 March. The data for a female (tag 5) cover 171 days to 
18 September (i.e., from age 4 to 9 1h mo approximately); those 
for a male (tag 6) cover 113 days to 22 July (4 to 8 mo). The female 
pup increased from lOA to 16.8 kg by 22 July, at an average daily 
rate of 0.040 kg/day and then decreased to 12.7 kg by 18 September. 
It was last seen on 29 September. The male pup increased from 
11.1 to 13.9 kg by 19 May. at an average daily rate of 0.036 kg/day 
and then decreased to 10.9 kg by 22 July. It was last seen on 18 
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Table 3-DuratioD of time spent ashore by fur seal pups of the A. gauUa and 
A. tropicalis group at North Head Peninsula, Macquarie Island. 
Max Later 
pup Pups Pups last checks to Last 
Year nos. markedr seen mid-Nov. check 
1954-55' 1 No 29 May None recorded 
1955-56' 2 No 11 and 26 Feb. 5 End May 
1956-57' No 18 May 30 May 
1963-64 1 Yes 10 Feb. 19 March 
1964-65 4 Yes 14 Feb .• 3 June (2), 9 16 Nov. 
12 Jull 
1965-66 Yes 8 Feb. (2), 31 July 6 Sep. 
1966-67 2 Yesd,g 18 Aug., 29 Sep. 11 Nov. 
1967-68 4 Yes 9 Jan., 14 Feb., 4 16 Nov. 
(for 3) 27b and 29 Sep. 
1968-69 Yes 7 June, 3 28 Oct. 
14 and 24 Sep, 
1969-70 Yesd 8 March 7 25 Aug. 
1975-76 6' Yesh 29 Feb., 21 March (3), None 
29 July 
1981-82 15 No 5 June (6). 6 Sep, (2)' 3 12 Nov. 
'Data from Csordas and Ingham (1%5); S. E. Csordas checked regularly during 
1955 and 1957 winters, 
"Pup with cow. 
'Last date not determined for other pups. 
dJuveniles also tagged, 3 in 1966-67 and I in 1969-70. 
'Includes ODe dead pup (not tagged). 
rMonel metal tags. 
'Also hot iron branded, in July. 
hYellow, numbered plastic tags also applied, 
August. Both pups decreased in weight for the same length of time 
before leaving the island, namely 8 weeks. Weight losses were 24% 
and 21 %, respectively, of the maximum recorded weights. 
Food 
Stomach contents of an adult male A. tropicalis at Macquarie Island 
were collected by J. K. Ling in March 1%3 (S. Aust. Mus., 
Adelaide, pers. commun, 19 April 1984). The food items consisted 
of partly digested squid 15-20 cm long, 
INCIDENTAL OBSERVATIONS ______ _ 
Young fur seals (22 pups and 4 juveniles) have been tagged on the 
fore-flipper with numbered, monel-metal or yellow plastic tags in 
eight summers (Table 3). Three have been resighted after their first 
year, all at the island (Table 4). The largest interval between tag-
ging and resighting was a little over 9 years, for an A. Jorsteri 
juvenile (no, 8) tagged in April 1967. Of the three resightings, this 
seal was at the greatest distance from the tagging site (10 km). 
Only one fur seal at the island has been recorded carrying a man-
made object other than a flipper tag. It was a young animal of 
unknown species with a blue collar on its neck seen on the eastern 
side of North Head Peninsula on 6 January 1974. Collars of ar-
tificial fiber have been reported on A. gazelLa at South Georgia 
(Payne 1979; Bonner and McCann 1982), but not on A. tropicalis 
or A. Jorsteri. 
One of the seven cows in Goat Bay on 19 December 1981 was 
heavily infested on its hindquarters with barnacles. From its pelage 
coloration the cow was identified as one of the A. gazella/A, 
tropicalis group. The barnacles were not inspected since the cow 
Table 4--Resightings or tagged rur seals at Macquarle Island after their first year. 
Resighting data 
Tagging data 
Age Minimum distance 
Date Age ciass Sex Species' Location Tag no. Date (years) Location (km) 
18 April 67 Juvenile M A. /orsleri Goat Bay 8 6 June 76 10';' Brothers Pt. 10 
10 Feb. 76 Pup b A. gaze/fal Goat Bay or Y" 23 Dec. 79 4 Secluded Beach 0 
A. Iropicalis Secluded Beach 
22 March 70 Juvenile F A. gaze/fa Hasseiborough Bay 20 16 Feb. 71 2+ Langdon Pt. 4.5 
'Pup belongs to the A. gaze/faIA. Iropica/is group; for juveniles identification was based on description of pelage coloration and. for the 1970 
one, inspection of a transparency by G. W. Johnstone (Antarc!. Div., Hoban). 
bDash indicates no information available. 
'Yellow plastic tag. 
could not be caught. It was not seen again. Barnacles have been 
reported on A. gazella at South Georgia (Bonner 1968) and on A. 
forsteri in South Australia (Stirling 1971). 
DISCUSSION ___________ _ 
At Macquarie Island A. tropicalis bulls, and cows of both A. 
tropicalis and A. gazella, were present in the 1981-82 and 1982-83 
breeding seasons. Evidence is provided that pups of both species 
also occurred then. As bulls, cows, and pups of A. tropicalis occur 
at the island, it seems likely that this species mates and pups there 
and so should be added to the list of mammals breeding in Australia. 
Bulls of A. gazella have not been sighted, so we cannot be sure 
that this species breeds at the island. 
The situation at Macquarie Island of A. gazella and A. tropicalis 
hauling out together is not unique, as it occurs at Marion Island 
(Condy 1978; Kerley 1983a,b) and lles Crozet (Jouventin et al. 
1982). Likewise, the apparent interbreeding of the two spt:cies at 
Macquarie Island, as evidenced by A. tropicalis bulls holding 
territories containing cows and pups suspected of being A. gazella 
and A. tropicalis, is paralleled at the other islands, where hybrids 
of the two species have been reported and suspected. 
Space does not appear to limit population growth of fur seals at 
Macquarie Island, as much of the shoreline of the east coast (which 
appears to be preferred to the west coast) is uninhabited. Even 
though both groups occupy mainly rocky shores on North Head 
Peninsula, they do not appear to be competing for space since the 
peninsula's coastline is not densely utilized, even when maximum 
numbers are ashore. If the population continues to increase, it is 
possible that competition for space may become important, especial-
lyon North Head Peninsula. 
Arctocephalus tropicalis might be expected to haul out at Heard 
Island and nes Kerguelen, which are both located between 
Macquarie and the other islands this species inhabits, but no evidence 
for this has been found. The species has not been mentioned in re-
cent reports of fur seals at Kerguelen reviewed by Jouventin et aI. 
(1982). At Heard Island in January and February 1983, members 
of the Heard Island Expedition 1983 searched most beaches and 
bays, at the request of the senior author, but saw no A. tropicalis 
(Vining 1983). Arctocephalus gazella breeds at both localities. 
The A. gazella/A. tropicalis popUlation at Macquarie Island is 
of similar size now to that of A. gazella at South Georgia in the 
1930s (Bonner 1968) and those of A. tropicalis at Marion and Gough 
Islands before the 1950s (Rand in Condy 1978; Swales in Bester 
1980). The number of pups born at Macquarie Island appears to 
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have increased in recent years, but the breeding population does 
not yet seem to be expanding rapidly in the manner of those at South 
Georgia, Marion, and Gough Islands. Although the dynamics of 
these increases have been studied, their early stages were not well 
documented, particularly from the point of view of social organiza-
tion. It seems surprising that these populations did not increase more 
rapidly at an earlier date, and the extent to which social and 
topographical factors may have been restrictive would make a par-
ticularly interesting ~tudy, for which the Macquarie Island popula-
tion might well be suitable. 
At Macquarie Island attempts should be made to identify all cows 
in breeding territories; to determine if A. gazella bulls occur at the 
island and within breeding territories; to determine if mating oc-
curs among the A. gazella/A. tropicalis group and, if so, whether 
it occurs within each species and between the species; to determine 
if A. forsteri is involved in mating or pupping; to expand on the 
methods currently available for distinguishing between pups of the 
three species which occur there; to determine if pups are born at 
sites other than the east coast of North Head Peninsula; to deter-
mine the fate of pups; to determine feeding habits from scats, and 
determine the identity of animals producing individual scats; and 
to collect blood samples from cows and pups for determination of 
transferrin type to assist in their identification. 
Solutions to the identification problems outlined in the previous 
paragraph would be aided if better descriptions of the species in-
volved were available from their breeding localities. In particular, 
the following would be helpful. 
(1) Tape recordings and sonograms of calls of A. tropicalis and 
of hybrids of that species and A. gazella, to complement sonograms 
in Stirling and Warneke (1971). 
(2) Better de~criptions of pups of the three species; e.g., shapes 
of the head and snout and presence or absence of muzzle colora-
tion should be checked in series of pups. In addition, the ratio of 
f0refiipper and hindflipper lengths to standard length should be 
determined for pups of each species; these characters were used 
to distinguish between small seals of A. gazella, A. tropicalis, and 
A. p. pusillus by Shaughnessy and Ross (1980). 
As this information becomes available. it will be possible to predict 
more reliably whether the fur seal population at Macquarie Island 
is likely to expand markedly from increments resulting from 
breeding occurring there, or to continue increasing slowly as a result 
of immigration only. 
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Recolonization Processes in 
the Subantarctic Fur Seal, 
Arctocephalus tropicalis, 
on Amsterdam Island 
JEAN-PAUL ROUX I 
Institut des Sciences de l'Evolution 
Section Socio-Ecologie 
USTL Place Bataillon 
34060 Montpellier Cedex 
France 
ABSTRACT 
Uncontrolled sealing during the 18th and 19th centuries brought the Amsterdam 
Island population of Arctocephalus tropicalis to the hrink of extinction. The 
numerical and geographical recovery has been studied since 1956. Cbanges in 
the rate of increase and in the extension of the breeding sites demonstrate the 
processes of recolonization of the island. Successive phases are described and com-
pared with other Arctocephalus population recoveries. 
'Present address: Sea-Fisheries, P.O. Box 394,9000 Liideritz, S.W.A.lNamibia. 
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INTRODUCTION __________ _ 
Saint Paul and Amsterdam Islands are less than 100 Ian apart and 
situated in the Indian Ocean, midway between southern Africa and 
Australia. The great abundance of subantarctic fur seals, ArclO-
cephalus tropicalis, on these islands was noted as early as the first 
landings by van Vlaming in 1696 and Silo in 1754 (Paulian 1964). 
Uncontrolled and indiscriminate exploitation of the fur seal popula-
tion started soon after these first visits, e.g., the Mercury and the 
Britannia voyages in 1789 and 1791, respectively. During this time, 
seals were very heavily culled since at least eight different vessels 
are known to have sealed on these islands between 1792 and 1796 
(De Brossard 1971; Paulian 1964). 
After 1842, occasional and opportunistic harvesting by whalers 
and fishermen was still occurring. The last recorded sealing opera-
tion was in 1874 (De Brossard 1971). According to 19th century 
authors Studer and Goodenough (Paulian 1964), fur seals had 
already become rare and later were believed to be extinct on both 
islands (Aubert de la Rue 1932; leanneI1940). However, a nucleus 
of seals must have remained on a remote part of the coast, prob-
ably on Amsterdam Island which was the least visited of the two. 
The west coast is the most likely since it is nearly inaccessible and 
is known to have been the site of the first breeding colonies estab-
lished by 1952. 
NUMERICAL RECOVERY _______ _ 
Since the seals were rediscovered, censuses of the Amsterdam Island 
population have been carried out by means of direct counts during 
the breeding season (from December to March) along the entire 
coastline in 1956 (Paulian 1964), 1970 (Segonzac 1972), and 1982 
(Roux 1982; Hes and Roux 1983). The results of these are presented 
in Figure 1, together with the 1972 estimates which were obtained 
by means of counts and capture-recapture experiments on pups 
(Tollu 1974). The total figures take into account only the seals 
present on the island during one breeding season. Therefore they 
are not total population estimates since, for example, the yearlings 
which have completely left the coast by the end of October (Roux 
and Hes 1984) are not included. 
Seal numbers have increased 15-fold in 26 years (1956-82). The 
overall mean annual rate of increase, calculated from total numbers 
of 1956 and 1982 censuses, is 10.4% which is close to the annual 
rate of increase in pup production of 11 .8% during the same period. 
The rate of increase of the population (the slope of the fitted curve 
in Fig. 1) has changed considerably during this time and has 
increased by two to three times between 1956-70 and 1970-82 (Table 
1). 
It seems unlikely that immigration from other subpopulations has 
had an important effect during this recolonization since all the other 
breeding localities of A. tropicalis were recolonized during the same 
period or later: Gough Island (Bester 1980), Tristan da Cunha 
(Bester 1980), Marion and Prince Edward Islands (Rand 1956; 
Condy 1978), Saint Paul Island (Segonzac 1972), and the Crozet 
Group (louventin et aI. 1982). 
GEOGRAPHICAL RECOVERY ______ _ 
It is highly probable that seals were breeding almost everywhere 
along the coastline prior to exploitation. During recolonization, the 
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Figure l-Numerical increase of the Amsterdam Island fur seal. 
Table l-Observed rates of population increase of A. 











only three small breeding colonies, occupying 6.1 % of the coastline, 
existed and were situated on the west coast. The extension of these 
original colonies resulted in the occupation of 48.9 % of the coastline 
by breeding seals in 1970 and 81 % of the coastline in 1982. 
It is likely that fur seals will soon occupy as much as 96 % of 
the coastline. The remaining 4 % is not suitable since it lacks hauling· 
out sites. 
NUMERICAL DISTRIBUTION ______ _ 
For the 1982 census (Res and Roux 1983) the coastline was divided 
into 49 segments 570+20 m in length, and the number of seals 
per segment was used as a density index. Figures 3a and b show 
the total number of fur seals and the number of pups, respectively. 
The latter count is a better measure of the breeding population. Dif-
ferences in the environmental factors (e.g., available space, type, 
and size of rocks) between the various segments are insufficient 
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Figure 2-Map of Amsterdam Island coastline showing density of A. tropicalis 
pups born per segment in 1982 and location of the breeding colonies in 1956, 1970, 
and 1982. 
Density is much higher on the sites of the original three breeding 
colonies of 1956 (segments 32, 40, and 46). In 1982, 30% of the 
births occurred on these three sites (representing only 6% of the 
coastline), and 52 % occurred within one segment on either side 
of these original sites (representing 18 % of the coastline). Similar-
ly, the lowest densities are found on the most recently colonized 
sections of the island and, overall, there is a significant correlation 
between the number of pups born in each segment and the establish-
ment dates of the breeding colonies (r =0.76, N=39, p<O.OI; Fig. 
4). 
Res and Roux (1983) noted that an initial rapid rate of increase, 
up to 28% per year, occurred on the newly colonized sections. For 
the northern sector (3 segments colonized between 1956 and 1970) 
and for the eastern and southern sectors (24 segments colonized 
after 1970), the initial annual rates of increase were 20.8% and 
28%, respectively, for total numbers, and 25.3% and 27.1 % for 
pups. Between \0 and 15 years after the establishment of breeding, 
the local rate of increase on such sites has decreased to half its 
previous value, as illustrated in Figure 5 for three segments of the 
north coast. This phenomenon and the present density distribution 
suggest that overflow from previously established high-density 
breeding colonies to adjacent beaches is the major process of 
geographical recolonization. 
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Figure 3-Fur seal distribution during the peak in numbers (December 1981) along the Amsterdam Island coastline, 
divided into 49 segments. Solid triangles show locations of the three original breeding colonies found in 1956. 
RECOWNIZATION PHASES ______ _ 
Although recolonization has been a continuous phenomenon since 
exploitation ceased, it can be divided into four successive phases 
according to changes in the rate of increase (Roux 1982). the spatial 
distribution (Hes and Roux 1983), and the density. 
Phase I: Survival 
Seal numbers were reduced to an extremely low level. and reproduc-
tive activities were disturbed and probably disrupted by indiscrim-
inate overexploitation. The survival phase lasted from the cessa-
tion of sealing (circa 1880) to the establishment of the first breeding 
colonies (probably after 1930). It is characterized by extremely low 
deusities and few breeding individuals. According to the level of 
the population in 1956. the rate of increase during this period must 
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have been minimal (less than 5 % per year). This implies a much 
lower breeding success during Phase I than presently. Hunting ac-
tivities might have modified the age-group distribution and possibly 
the sex ratio to such an extent that the optimal social structure could 
not be attained. In addition, the potential breeding animals that sur-
vived might have been too dispersed along the coastline to allow 
efficient reproduction. 
Phase II: Establishment 
This phase is characterized by the establishment of a few breeding 
colonies (e.g .• three for Amsterdam Island). The annual rate of in-
crease is lower than 10%. increasing as the density increases. Pup 
mortality seems to decrease as the density changes from low to 
medium. Indeed. males only hold territories along the shoreline 
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Figure 4-Relationship between number of A. Iropicalis pups born per segment 
and minimum age of the breeding colonies. 
the vicinity of the waterline. Thus, during the first 2 weeks after 
birth, a high proportion of the pup mortality is caused by the sea 
(Paulian 1964; Tollu 1974). This proportion may increase substan-
tially in the event of a storm, as was the case in 1956 when 47% 
of the total pup population died within 3 weeks (Paulian 1964). As 
density increases, the males utilize the entire beach area. Therefore 
the proportion of aU pups exposed to these elements decreases and 
the impact of storms becomes far less severe, e.g .. 14 % pup mor-
tality in their first 12 weeks, despite two stonns just after the peak 
in births in a medium-density colony (Hes and Roux 1983). In 1956 
the Amsterdam Island population was at the end of the establish-
ment phase. 
Phase 01: Recolonization 
When density reaches high values on the original breeding colonies, 
shortage of space during the breeding season initiates a local emigra-
tion towards the available sites nearby. Consequently, a rapid 
recolonization of the coastline occurs. These emigrants are prob-
ably young animals since adults remain faithful to their breeding 
sites. 
During this phase, the rate of increase for the total population 
can attain 15-17% per year. For Amsterdam Island, Phase ill started 
after 1956 and is still in progress. The duration of this phase is 
dependent on the size of the remaining sites suitable for breeding. 
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Figure 5-Changes in numbers of A. Iropicalis in the north coast subpopulation 
between 1956 and 1982. 
Phase IV: Maturity 
When density reaches high values on all sites suitable for breeding 
(or in the case of a large island, when the total population becomes 
too high compared with the amount of available food), density-
dependent factors (space shortage, food shortage, etc.) tend to 
stabilize the population size and structure. From the evolution of 
high-density established colonies, a drop in the rate of increase can 
be expected during this phase. 
DISCUSSION ____________ _ 
The recolonization pattern observed on Amsterdam Island closely 
resembles that of other recolonizing Arctocephalus populations, sug-
gesting that the processes are similar. 
On Gough Island, the A. tropicalis population annually increased 
by 8.9% before 1955 and then by 15.9% between 1955-56 and 
1977 -78 (Bester 1980) when a large extension of the breeding colony 
sites occurred (Bester 1977). This population was therefore 
presumably in Phase ill before 1977. But according to Bester (1980) 
the optimum breeding space is becoming limited, indicating the onset 
of Phase IV, during which a drop in the rate of increase is expected. 
On the Crozet Islands (TIe de la Possession), the A. tropicalis 
population appears to be in Phase II since only a single breeding 
colony is established. The increase in numbers in this colony, and 
thus the increase in density (Jouventin et al. 1982), indicates that 
Phase III may begin soon. 
On the Prince Edward Islands the A. tropicalis population's rate 
of increase was 10.5 % between 1952 and 1975 (Condy 1978) and 
15.0% between 1975 and 1982 (Kerley 1983). Furthermore, a large 
extension of the colony sites in the vicinity of previously colonized 
beaches) had occurred (Kerley 1983). These changes are 
characteristic of Phase III. Some of the newly colonized sites (e.g., 
Cliff Beach, Cape Davis and Triegaardt Bay) show local rates of 
increase over 20% (i.e., 21 % and 27%; Kerley 1983), similar to 
the newly colonized sites of Amsterdam Island. 
In South Georgia the first breeding colonies of A. gazella were 
found in 1936 after cessation of sealing. These were situated on 
the Willis Islands and Bird Island. The extremely high annual rate 
of increase observed on the latter, 27.1 % and 22.1 % between 1956 
and 1958 (Bonner 1964), suggests the occurrence of immigration 
from previously colonized sites (Willis Islands?). The drop in the 
rate of increase of the Bird Island subpopulation, observed between 
1959 and 1963 (Bonner 1964, 1968), might correspond to Phase 
IV. Payne (1977) suggested that this drop in the observed rate of 
increase might be due to undercount. More recent data (Doidge 
et al. 1984) indicate a very low rate of increase for the Bird Island 
colonies, showing that an actual drop in the growth rate of this sub-
population has occurred. However, on the mainland some breeding 
colonies were established by 196 I -62 in the vicinity of Bird Island 
(Bonner 1964, 1968). Since then, further increases in numbers and 
distribution have occurred on the mainland (Laws 1973; Payne 1977, 
1978; Doidge et aI. 1984) with a 16.8% annual rate of increase, 
which suggests that the South Georgia population, as a whole, is 
still in Phase III. 
Similarly, the Kerguelen population, as a whole, is entering 
recolonization Phase III, since some established breeding colonies 
on the mainland (west coast) have been found in 1984. Immigra-
tion from the high-density colony on lIes Nuageuses (Jouventin et 
aI. 1982) is certainly still occurring. 
On Amsterdam Island the present rat~ of increase of 16.5 % per 
year is high but not exceptional for southern fur seals. It is similar 
to other recolonizing populations of A. tropicalis: 15.9% on Gough 
Island (Bester 1980), 15.0% on Marion and Prince Edward (Kerley 
1983); and of A. gazella: 16.8% on South Georgia (Payne 1977). 
A closed population of southern fur seals seems able to sustain a 
maximum rate of increase of 15-17 % per year during recoloniza-
tion. However, very high rates of increase have been observed on 
some colonies: 25.3 % and 27. 1 % (Hes and Roux 1983); 27.1 % 
and 22.1 % (Bonner 1964); 38% (Doidge et aI. 1984); 20.9% and 
27.2% (Kaley 1983), due to local immigration during recoloniza-
tion Phase m. These localized effects invalidate estimates ofpopula-
tion increase when based on partial counts as long as a detailed 
history of recolonization is unknown. 
During recolonization, the annucl rate of increase (r) has under-
gone great variations: r < 5 % ill Phase I, 5 % < r < 10 % in Phase 
II, and 15% ~ r in Phase III. These variations seem to be a general 
phenomenon as they appear in other expanding Arctocephalus 
pupulations. Such variations in the rate of increase (in any popula-
tion) must be due to variations in demographic parameters like 
fecundity, survivorship, age at maturity, or age distribution. As 
suggested earlier, at least pup survival seems to vary in a complex 
density-dependent scheme. increasing as density changes from low 
to medium and then decreasing only when density reaches high 
values. 
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Under these conditions, it is understandable that the lower the 
numbers (after cessation of sealing), the longer the duration of Phase 
I. Thus, such effects could explain the delay between the cessation 
of sealing and the attainment of high rate of increase during 
recolonization (Phase III). The A. tropicalis recolonization pattern 
suggests that the effect of density-dependent factors is delayed in 
comparison with the logistic model, a certain minimum density being 
necessary for the attainment of the maximum rate of increase, agree-
ing therefore with the view of Fowler (1981) that density dependence 
in the dynamics of large mammals is generally nonlinear. 
These hypotheses are consistent with data on other recolonizing 
Arctocephalus populations (Bester 1980; Bonner 1968; Condy 1978; 
Doidge et aI. 1984; Kerley 1983). These are also consistent with 
the concept of a threshold density in population models for seals 
(De Master 1981) and the suggestion of a leptokurtic yield curve, 
i.e., producing highest yields near maximal population levels 
(Eberhardt and Siniff 1977), or the concentration of density-
dependent change at high population levels for large mammals and 
particularly marine mammals (Fowler 1981). 
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The species summaries in this volume show how much comparative 
infonnation on fur seal behavior has recently become available. 
Although a large amount of descriptive work that still needs to be 
done, particularly for the little-studied Arctocephalus species, it 
seems timely to try and push the analysis one step further by ask-
ing questions about the influences of social, environmental, and 
physiological parameters on the behavior of individuals. In this ses-
sion, three behavioral complexes basic to the social organization 
of Otariids were discussed: female gregariousness, male territorial-
ity, and the regulation of the feeding-nursing cycle of females. The 
female feeding-nursing cycle has already been discussed and was 
treated briefly in the session on female attendance. 
FEMALE GREGARIOUSNESS ______ _ 
Female density greatly influences the degree of polygyny realized 
in a fur seal species. There are three-not mutually exclusive-
hypotheses that could conceivably account for female gregarious-
ness. 
The best known hypothesis, called the "marginal male effect" 
(Bartholomew 1970), assumes that males' survival abilities and 
physical vigor are to some extent heritable. Females can thus derive 
genetic benefits from breeding with the most physically fit males. 
Female gregariousness increases male-male competition and thus 
insures that only the strongest males will have access to them (Cox 
and LeBoeuf 1977). Although additive genetic variance of fitness 
traits theoretically should soon be exhausted under strong selec-
tion, this may not be the case in large populations living in fluc-
tuating environments. 
An "ecological marginal male effect" (Trillmich and Trillmich 
1984) can take two forms: (I) High female density may decrease 
the intensity and frequency of male-female interactions, thus 
reducing any dangers to a female's health that may result from the 
frequent aggressive male/female interactions; and (2) gregariousness 
may reduce the danger of attacks by subadult males on a given pup 
either through a selfish herd effect (Hamilton 1971) (Le., by decreas-
ing the probability that a given pup will be attacked by an intruding 
male), and/or through the exclusion of subadult males from pup-
ping areas by territorial males. 
No data relevant to the marginal male effect have been collected. 
Circumstantial evidence suggests that an ecological marginal male 
effect may be operative in several species. In Callorhinus ursinus, 
a territorial male has much more control of a single female on a 
territory than of a single female in a group of females. In Otaria 
byronia, subadult males are frequently observed attacking and often 
killing pups. Thus, male behavior may be a major determinant of 
female gregariousness. Presumably, the positive correlation between 
density and pup mortality eventually stops the selection for ever-
increasing female gregariousness. 
TERRITORIAL BEHAVIOR _______ _ 
Males of all fur seal species have very similar behavior patterns. 
Striking differences in territorial tenure, number of fights per unit 
time, and degree of polygyny achieved appear to depend on the 
social and physical environment. Female density and the synchrony 
of pupping are the most important social factors in male territorial 
behaviors. This can be seen when the subpolar and tropical species 
are compared. For the subpolar species which have high female 
density and very synchronized breeding seasons, territorial tenure 
can be readily seen, but becomes much less clear in the Galapagos 
fur seal or the Galapagos sea lion where males may be on territory 
twice within one season, and may even leave their territory repeated-
ly for feeding during "tenure." The structure of the habitat in-
fluences male territory position and size partly by governing female 
distribution and partly by setting the constraints for thermoregula-
tion on land. 
Considering this multitude of influences, males must be flexible 
in their behavior patterns. The conditions for, and the amount of, 
this flexibility are almost unstudied. One way to learn more about 
these aspects of male behavior would be to measure the costs and 
benefits of various actions on the reproductive success of bulls. Fur 
seals are ideal subjects for such studies, as copulations can be 
counted and provide a fairly good measure of reproductive suc-
cess. A few unanswered questions show how accessible this field 
is to detailed study: How do weight differences influence the out-
come of a fight? Do wounds influence fighting success? What are 
the consequences of a serious wound on subsequent territorial 
behavior of a male and on his pro~pects for further territory tenure? 
MATERNAL BEHAVIOR ________ _ 
Rates of energy flow from the environment to the mother, and from 
mother to pup, appear to playa decisive role in determining the 
length of the nursing-foraging cycle of females with pups. 
Experiments of Gentry et al. (1986) on Northern fur seals have 
shown that the rate of energy transfer from mother to pup deter-
mines the duration of the female's presence on land. It is unclear 
if the rate of milk synthesis limits the rate of energy transfer as 
we do not know how much preformed milk exists in the mammary 
gland when the female arrives ashore and how much is synthesized 
when the female is on land. Milk production, more likely sets the 
lower limit on the duration of visits ashore. The rate of energy 
transfer increases strongly with the age of the pup (Costa and Gentry 
1986). 
Data about energy gain during foraging trips suggest that females 
forage until they have replenished their fat reserves (Costa and 
Gentry 1986). The presence ashore of a pup does not seem to in-
fluence their return decision very much. When food availability 
was low, female South American fur seals stayed at sea far longer 
than normal, apparently trying to bring their fat reserves back to 
the normal physiological upper set-point. Many stayed out too long 
and lost their pups (Trillmich et al. 1986). 
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The session on male tenure was concerned with the period spent 
ashore by adult males during the breeding season, in particular when 
males are defending a territory. Discussion concentrated on the fac-
tors affecting male tenure within a season and from year to year and 
the consequen~es of tenure, rather than the details of the activities 
occurring in the territories. 
In all species the vast majority of copulations are performed by 
tenured males. Without a territory in a place frequented by females, 
and the ability to defend it, a male will have virtually no access to 
estrous females. 
In the subpolar species (Antarctic and northern fur seals) a great 
influx of adult males to the breeding grounds starts 2-3 weeks before 
the females haul out and continues throughout the period of pupping 
and mating. But in tropical and temperate species, adult males can 
be found ashore throughout the year and the onset of tenure is perhaps 
more difficult to define. Tenure can range from less than one day 
to more than 60 days, can cover the whole season of pupping and 
mating, or even take place exclusively before or after mating has 
occurred. 
A number of factors, which are extensively interrelated, affect dura-
tion of tenure. These include age, size, ability to fast, ability to fight, 
climate, access to water for thermoregulation, territory location, 
distribution of females, and population density . 
Young males (less than 7 years old in Arctocephalus gazelfa) are 
too small to fight successfully with adult males. The smaller size 
of younger males also affects their ability to fast. Across species, 
however, the relationship between body size and fasting ability is 
not necessarily straightforward. Thus, the maximum period of tenure 
recorded for several species of fur seal (Callorhinus ursinus. A. 
gazelfa, A. australis, A. forsten) is similar (60-70 days) despite large 
differences in average adult body size. Maximum period of tenure 
exceeds the length of the mating period, but because prime males 
tend to return to sea when there are no more estrous females available 
(thus ceasing tenure), maximum recorded tenure may be more directly 
related to the duration of the breeding season than to fasting ability . 
At present there are insufficient data on the energetics of fasting in 
territorial males to clarify the relationship between size, body reserves, 
and period of tenure. 
In old C. ursinus males, both body weight and number of copula-
tions decline. Whether these changes occur because tenure is shorter 
in these old males is unclear. The oldest harem males in a sample 
of A. gazelfa were 11 years, although other males are known to sur-
vive to at least 13 years. Either these older males fail to achieve tenure 
or else they defend territories in marginal areas. 
Tenure in a season was generally shorter in A. gazelfa males that 
had shoreline territories because competition was greater in areas 
which attracted the largest nu:nbers of females . Conversely, copula-
tion frequency was greater in these areas because males with shoreline 
territories did not have to abandon their territory for thermoregula-
tion. This was also true of A. forsteri. The mean period of tenure 
for A. gazelfa males that copulated was twice as long as for those 
that did not, but in both C. ursinus and A. pusillus some males have 
held tenure for long periods in poor areas and have not achieved 
any copulations . 
In A. forsteri , the earliest males to acquire territories are younger 
ones and these give way to later arriving older males who acquire 
the preferred sites (those with shade and water). In A. pusillus and 
C. ursinus younger males tend to gain territories later, after the prime 
males have weakened or departed . Six years of data on known C. 
ursinus males at San Miguel Island show that as males get older they 
come ashore earlier and acquire territories in better areas. Site fidelity 
seems to be highly developed in C. ursinus and A. pusillus, and males 
are known to return to the same areas in successive seasons, even 
if they have not been successful in that area because of lack of females. 
Those at San Miguel may be less site-specific. It is not known whether 
there is any relationship between site specificity in females and site 
fidelity in territorial males. The extent of movement of territory site 
between seasons and of changes in tenure and reproductive success 
are unstudied in most species. 
The relative advantages to lifetime reproductive success of attempt-
ing to acquire territory early or late in life, and of arriving on-site 
early or late in the breeding season, are important concepts which 
require extensive study, especially in view of the considerable inter-
and intraspecific variation that is likely to exist. Males that come 
ashore early can probably gain a territory more easily than later ar-
riving ones, but they will have used up more of their reserves by 
the time the greatest number of females are in estrus, thus they might 
be at a disadvantage relative to males who deferred their arrival. The 
available data suggest that males tend to come ashore earlier in suc-
cessive seasons. However, the costs and benefits of different strategies 
for males of different size and age have not yet been quantified. 
Population density is known to affect territory size in A. gazella, 
with territories being smaller in areas of greater density. It is not 
known whether territory size also affects the duration of tenure, but 
this seems possible because greater competition has been shown to 
result in a faster turnover of males who are in favored positions. 
The costs of tenure have not been estimuted. These include the 
physiological costs of fasting, the extreme exertion of fighting, and 
the cost of sustaining wounds. Most territorial males bear numerous 
cuts gained in fights; occasionally these are extensive or seriously 
debilitating. Even apparently small wounds can become seriously in-
fected and mortality of A. gazella ashore is considerably greater in 
socially mature males than in subadults. 
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COW ATTENDANCE STUDIES ______ _ 
The session on adult female attendance behavior was divided into 
two parts: patterns of shore attendance, and activities while ashore. 
The former included the time and duration of the pupping season; 
the number of days the female stayed ashore around parturition; 
duration of subsequent absences from shore for feeding and of visits 
ashore to nurse the pup; changes in the patterns of attendance over 
the lactation period; and length of the lactation period (the period 
of dependence of the pup). Activities ashore included perinatal ac-
tivities, suckling patterns and alien suckling (suckling of nonfIlial 
pups), activity budgets, and site fidelity. 
Patterns of shore attendance 
Studies of attendance behavior have been carried out to (1) 
establish patterns of shore use by females to elucidate details of 
the annual cycle, (2) compare different breeding locations, (3) cor-
relate patterns of tooth structure, and (4) examine the feasibility 
of using attendance patterns as an indicator of food availability and 
environmental change. 
The time of pupping, annual cycle, and length of the lactation 
period are broadly known for all fur seal species. The extent of 
synchrony of pupping is less well known, but differences appear 
to be related to the seasonality of the environment, with Arcto-
cephalus gazella and Callorhinus ursinus having the shortest pup-
ping seasons and A. galapagoensis the longest. Despite this dif-
ference, some species (e.g., A. Jorsteri in New Zealand) have a 
very short season in an environment of relatively low seasonality. 
Information on breeding synchrony in the literature is often dif-
ficult to compare (Table I). The period during which the middle 
90% of births occurred should be used to describe pupping syn-
chrony and is best characterised using a simplified Probit analysis 
(Caughley 1977) on the census data. 
For most fur seals the length of the perinatal attendance period 
is approximately 7 days, although it varies between individuals from 
about 3 to 12 days. The reasons for this variation are unknown, 
although condition of the female may be important. Perinatal at-
tendance in A. gazelLa was shorter in a year of food shortage. 
Feeding trip length increased as lactation progressed in C. ursinus, 
whereas in A. gaZapagoensis trip duration did not change but trip 
frequency did. Both changes were probably a response to increased 
demand by the pup. Analysis of seasonal change in trip length should 
not be made by calendar date because variations in birth date may 
mask such seasonal changes (e.g., in C. ursinus records). Analysis 
should be made by trip number or time after birth. No changes in 
mean trip length were observed in C. ursinus over a period of 30 
years despite the development of a major commercial fishery in 
the seals' summer feeding area. However, A. gazelLa at South 
Georgia has shown considerable year-to-year variation in feeding 
trip length which may reflect changes in the availability of the major 
food resource at this time. 
The need to identify individuals is fundamental to the problem 
of investigating patterns of attendance. Paint and bleach make good 
marks on cows and pups, but tags are the best permanent markers. 
Some of the more recent cattle ear tags are proving durable and 
readable after several years, but a desire was expressed for a tag 
designed especially for seals, although this would probably be costly. 
Telemetry has been used successfully on C. ursinus and A. gazella, 
providing information on exact arrival and departure times and also 
on possible foraging area in A. gazelLa. Transmitters can be glued 
to the fur using epoxy resin or attached to a harness. Transmitters 
Table I-Female fur seal attendance patterns. 
Pupping % of days 
Age al synchrony- female 
Female weaning 90% of births ava ilable 
migralion (monlhs) (weeks) 10 pup 
CaJlor}rinus ursinus + 4 3-4 
Arc/ocephaluJ gazella + 4 3 
A. pUJillus 9-1 I 4-5 
A. australiJ (Peru) - ? 12-24 10 
A. australiJ (Uruguay) 8-12 
A. galapagenJis 18-36 10 
Zalophus c. wollbaeki 10-12 ' 16-40 
A. forsreri 10 4 
A. philippii 
A. /ropicalis 9-1 I 4-6 
A. townsendi 9-1 I 6 
'In an EI Nino season. 
glued to the head remained attached for 6-14 weeks. Care must 
be taken in positioning receivers to avoid interference and bounce-
back from topographical features; chart recorders need regular 
observation and maintenance. 
Onshore activities 
Seventy percent of onshore pup mortality in A. gazella occurs in 
pups younger than 7 days old (and 50% within 2 days of birth), 
i.e . , during the perinatal attendance period. Failure of the mother-
pup bond to form, with subsequent trauma and starvation of the 
pup , is thought to be the principal cause of mortality. The successful 
establishment of the mother-pup bond is crucial to survival. Quan-
titative data on its formation and the subsequent history of pups 
are lacking . It would be valuable to observe females of known age 
and breeding history , and in particular to compare primiparae with 
multiparae . 
The relationship between time spent suckling and amount of milk 
transferred has been studied in some species. In A. galapagoensis 
the correlation between these two factors is very weak; yearlings 
suck for a shorter time than pups but get much more milk. Weight 
gain is the best measure of milk transfer and suckling time seems 
to be a poor estimate of this , although in conjunction with other 
measures it can be useful, e.g., as a measure of pup effort. Alien 
suckling appears to occur at a very low frequency in most species . 
It is seen frequently in A. gazella on high-density beaches but its 
importance is not known. Pups do not need a stable relationship 
(i .e . , adoption) with a cow in order to benefit from alien suckling 
but this requires more detailed investigation. 
Some species have particular requirements for suckling and resting 
sites . A. galapagoensis requires shade for thermoregulation, and 
suitable sites are limited. Large females displace smaller ones from 
favoured sites . Space is less important in other species where ac-
cess to shade or water for cooling is more abundant. Activity budgets 
have been investigated in very few species to date. Their principal 
value is to compare different species or populations, or to illustrate 
changes in activity or time allocation over a given period. Females 
do not spend all their time ashore with the pup or looking for it. 
Experiments on A. gazella using telemetered animals have shown 
that some females move away from the suckling site after having 








Feeding Irips Fasling female 
Mean Arrival 10 Panurilion Attend . Time of 
lenglh parturilion 10 lSI Irip duralion maximum 
No. (days) (days) (days) attendance 
8- 12 6 .9 1.2 8.3 2 . 1 Day 
14- 19 4 .3 1.8 6 .9 2 . 1 Day 
50-60 2 .9 1.5 4 .3 2.4 Day 
4 .7' 1.3 Day 
300 1.5 1.5 7 .3 0 .5-1.3 Day 
200 0 .5 1.5 6 .8 0.6 Nighl 
1-5 2 . I c 0 .9 2-4 
sites. Telemetry, supported by visual checks, is the best way of 
following activities in species such as A. gazella, which often make 
considerable movements while ashore; however, telemetry is not 
required for following species such as C. ursinus which move over 
short distances while on shore . 
Site fidelity varies between species . C. ursinus is very site-specific 
both in terms of place of pupping in consecutive seasons and in 
suckling site within a season . Other species are less site-specific 
though this varies considerably, both within and between species . 
In some, e.g., A. australis in Peru, haul-out sites are limited , 
resulting in limited movement of females. It is not known whether 
variations in site fidelity are related to population density , rookery 
substrate (movement by A. gazella away from areas which become 
progressively muddier) , or a species-specific tendency to move. 
A. tropicalis and A. gazella both show great variation in site 
specificity in a season, with females of A. gazella frequently mov-
ing hundreds of meters inland to suckle their pups . Both of these 
species have a tendency to establish new breeding sites on widely 
dispersed islands . 
CITATION __________________________ _ 
CAUGHLEY. C . 
1977 . Analysis of vertebral<: populalions. John Wiley and Sons, New York . 
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Descriptions to date of vocalizations given in air by the different 
species of fur seals that are on land during the breeding season are 
variable in quality and in their subsequent usefulness . In the ses-
sion, it was agreed that these vocalizations should be described as 
accurately and quantitatively as possible, as part of the overall 
description of the behavior of each species. Specific recommenda-
tions on methodology included the following : 
(I) Good quality tape recordings, with minimal background inter-
ference, should be made of each different call in the repertoire 
of each species. The range of variability within and among in-
dividuals should be quantified. It should be recognized ahead 
of time that this will probably be quite time-consuming. 
(2) Recordings should be well documented with either written notes, 
referenced to the counter on the tape recorder, or with verbal 
comments recorded onto the tapes. Some important data 
are: 
- Technical information (weather conditions, type of micro-
phone, distance from the animal, habitat) . 
- Emitter's status (age, sex, physiological and reproductive 
status, social status) 
- Context of the call (spontaneous or in response to a specific 
event, directed at the observer) . 
(3) In written descriptions, calls should be illustrated with represen-
tative sound spectrograms and a measure of variability . The 
ftIters and bandwidths used to make the sound spectrograms 
should be recorded. 
(4) Whenever possible, names assigned to calls should describe 
their functions (e.g., pup attraction call). If the function is the 
same as has already been described and named elsewhere, that 
name should be used rather than another assigned . 
(5) When possible, the ascribed function should be verified with 
playback experiments. 
A demonstration tape made for the meeting showed that 
considerable variability exists in the same call when it is given by 
different species. Detailed comparisons of species-specific fur seal 
vocalizations may give some indication of taxonomic relationships 
within the genus . Particular emphasis should be placed on calls 
which relate to agonistic, sexual, and maternal behavior. This could 
be of particular interest when studying Arctocephalus tropicalis and 
A. gazella in areas where they appear to be hybridizing or, con-
versely, in areas where two or more species overlap ranges but do 
not hybridize. Comparison of the vocalizations of fur seals and sea 
lions might also be useful in understanding the taxonomic relation-
ships of A. pusillus in particular. In some species which have widely 
separated subpopulations, such as A. gazella, A. tropicalis, A. 
forsteri, and A. pusillus, there may be geographically different 
dialects such as those described for some species of phocids. If the 
degree of variability in the vocalizations within one or more species 
can be documented, it may indicate the value of quantifying 
differences among species . This is important because in some other 
species of mammals the calls given by the same population can 
change through time . Recordings at the same colony over a period 
of years should indicate whether or not such changes occur in species 
of Arctocephalus . 
Another approach that could give valuable insight into the func-
tions of vocalizations within species is to describe the ontogeny of 
the calls from pups through adults as well as the annual cycle of 
the occurrence of different calls. This has not been done for any 
species of fur seal. Any discussion on agonistic, sexual, or mater-
nal behavior should take studies of the associated vocalizations into 
account. 
Although underwater vocalizations were not discussed at this 
workshop, there is almost no information on this aspect of fur seal 
behavior, either during or outside the breeding season. Interpreta-
tion is often confounded by the fact that the behavior of the seal 
giving the calls cannot be observed. Maximum effort should be made 
to observe and describe the behavior of a seal vocalizing under-
water whenever a fortuitous opportunity, or a good location with 
clear water, presents itself where a hydrophone can be used. Other-
wise, the same guidelines apply as are given above for vocaliza-
tions given in air. 
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The discussion of diving studies was centered around four major 
topics : 1) types of recorders available for monitoring behavior at 
sea, 2) physiological and behavioral information that can be ob-
tained from recorders now available, 3) gaps in our data base, and 
4) physiological limits in various species that set the oceanic boun-
daries for diving mammals . 
The oldest and simplest system used for monitoring behavior at 
sea uses beacons to emit a simple radio frequency signal; the recep-
tion of the signal indicates the presence and sometimes the location 
of the animal. The most basic use of beacons allows an investigator 
to determine if a seal or sea lion is ashore, and consequently to 
determine the duration of the sea period. When used at sea the recep-
tion period indicates surface time; if more than one receiver is used , 
the rate of movement can be determined by triangulation . The last 
two procedures are very labor-intensive and only one or two such 
studies have been done . 
In the last several years a mechanical time/depth recorder has 
been employed to record depth against time and surface swimming. 
From these three variables, other data can be extracted in regard 
to behavior at sea . The most basic information obtained from the 
recorders is a time budget for the period at sea . This time budget 
can be divided into swimming, nonswimming, and diving periods . 
The diving periods may be further divided into random diving and 
diving bouts if some kind of dive bout criterion is established, such 
as a log-survivorship curve analysis of interdive interval. 
If the metabolic rate for the various activities is known, then much 
more detail about the animals' sea activities can be calculated, and 
many more questions can be asked and hypotheses tested. 
Information about energy output and intake is especially critical 
to any tests of foraging theory which in great part are based on 
the common currency of energy . This information is also crucial 
to test the degree to which physiological limitations affect the range 
and depth of foraging areas. The energy problem has been addressed 
in two different ways . Doubly-labeled water has been employed 
to determine the total energy production and consumption over 
several days. This topic is treated in detail in another discussion 
section. The other approach has been to measure the animal's 
metabolic rate while resting and while swimming at known speeds. 
This kind of analysis is now in progress at two or three different 
laboratories. Eventually it should be possible to calculate the energy 
production of a fur seal by determining its specific activities from 
time/depth and swim speed records , and then matching these ac-
tivity budgets to known metabolic rates for each activity . 
The major problems in making energy estimates are the lack of 
data on the species of prey consumed and on the swim speeds 
animals use. The prey species have been assessed from scat samples, 
but this approach is suitable for only a few species with special 
behavior patterns. At the present time, diet is a major obstacle to 
more detailed analysis of foraging energetics. Without swim speeds, 
it is impossible to calculate the distance animals have traveled to 
food patches and the cost of the trip . Swim rates are also necessary 
to calculate the energy expenditure during divlllg and the breathhold 
limits. Estimates of swim rates may be available soon from recent-
ly developed submersible microprocessors. 
Another major gap in information about behavior of fur seals at 
sea are sex and age differences . Due to the great size difference 
between females and mature males , both the duration and depth 
of foraging dives of the males may be longer. If so, where males 
and females have overlapping foraging areas , the actual feeding 
depths may not overlap. Immature males may be intermediate 
between adult females and males in this depth separation. However, 
because males do not have to return to shore to feed a pup, they 
may feed further offshore than do the females. Thus, male/female 
competition may be avoided by males feeding in deeper water fur-
ther offshore. Finally, feeding competition may be reduced since 
males endure long fasts in the summer months when the pups are 
growing fastest and when the females are being taxed the most to 
provide adequate milk for the fast growing pups. 
In summary, data on the differences between male and female 
foraging behavior. swim rates, energy consumption, and aerobic 
limits are required to develop a better understanding of diving pat-
terns of fur seals. To obtain these data for swim rates, new kinds 
of recording equipment must be developed. Obtaining the data for 
differences between males and females may only require modifica-
tions of available recorders. Energy consumption at sea has been 
determined by the use of doubly labeled water. When swim rates 
can be monitored in detail, it may be possible to establ ish energy 
budgets by means of time partitioning. Aerobic limits can be 
calculated but require detailed data on swim rates, metabolic rate, 
and total available oxygen stores. 
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INTRODUCTION 
This bibliography was originally compiled for circulation to participants at the international fur seal symposium held at the British Antarctic 
Survey, Cambridge, in April 1984. Since it was intended as a working bibliography, it included only publications since 1976 which were 
part of the British Antarctic Survey (BAS) collection. The bibliography which follows has been expanded to include all known publications 
from 1976 to September 1986, beyond those contained in the BAS collection. The main sources used to trace relevant papers were: BAS 
library catalogues; Ronald et al. 1983; Aquatic Sciences and Fisheries Abstracts; Antarctic Bibliography; and Current Antarctic Literature. 
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